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The growth in building refurbishment (BR) works and related activities are 
creating new and interesting financial questions. The management domain of 
refurbishment, however, remains one of the least understood sectors in 
Architecture, Engineering and Construction (AEC) practice. The differences 
between refurbishment and new-build projects are insufficiently recognized and 
managed as such.  
 
Refurbishment projects differ from new-build projects with regard to several 
issues. Refurbishment projects are often subject to management and planning 
constraints. It is well known that refurbishment projects are perceived to be 
more difficult to manage, and involve higher risks and uncertainties than new-
build projects. Refurbishment projects are more labor intensive than new-build 
projects, and they typically involve several trade subcontractors. Overall, these 
features have consequences for the selection and control of project resources of 
all types: human, technical, managerial, method, and contractual.  
 
The contractual relationship between main contractors and subcontractors is the 
major feature of these activities; time and cost over-runs, and contractual 
disputes are common in these projects because of improper selection of 
subcontractors. Subcontractors perform vital roles in these projects. Currently, 
however, there is a lack of knowledge relating to the selection of subcontractors 
for building refurbishment projects. The process of selecting subcontractors 
consists of a wide range of criteria that are often qualitative, subjective, and 
imprecise in nature. Typically, the task is performed in an unstructured, intuitive 
manner with considerable reliance on the experience or the judgment of senior 
staff members. Therefore, there exists the need to develop an advanced 
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decision tool that is a more formalized and structured approach in the form of 
computer aided decision support systems (CADSS), to aid in this process.  
 
The aim of this research is to develop a formalized and structured approach to 
the selection of subcontractors for building refurbishment projects. This 
approach will be embedded in an automated decision support system to assist 
the main contractors in selecting potential subcontractors for building 
refurbishment works. The subcontractor selection can be processed intelligently 
using a CADSS by the hybrid model (combination of mathematical model and 
basic principle of rule-based reasoning) in a knowledge base system (KBS) 
package. Management of KBS involves knowledge acquisition. Knowledge is 
captured from the literature and construction experts, formalization and 
modeling of knowledge, and then the knowledge store, and retrieve through 
software. The incorporation of knowledge (subjective, qualitative, and 
quantitative information) into a KBS adds more dimensions to enhance the 
credibility of the overall process for the BR subcontractor selection. 
 
The research result presents a comprehensive evaluation of decision alternatives 
for engaging subcontractors in BR projects and to present a CADSS which is 
called subcontractor selection decision support system (SSDSS). The system 
provides valuable guidelines to decision-makers, as well as assists them in 
making decisions pertaining to selecting their subcontractors for refurbishment 
contracts. Such system will lead indispensable to the future practice of AEC.  
 
Keywords: Building refurbishment, Decision-making, Decision support system, 
Subcontractor selection.     
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Building Refurbishment (BR) work is defined as the process for the extensive 
repair, renewal and modification of a building to meet economic and/or 
functional criteria equivalent to those required of a new building (Mansfield, 
2002; Highfield, 2000).  
 
The actual process of BR is fraught with enormous technical and managerial 
problems. Managing BR projects may be similar to new works; however, they 
also have several differences. The difficulties lie in obtaining reasonable 
estimates of cost and time because of poor information about existing building 
conditions. The degree of contingency allowance made at various estimating 
stages progressively reduces, but will always tend to be greater than in a new- 
build project (CIRIA, 1994). BR projects are perceived to be more risky than 
new-build projects (Reyers and Mansfield, 2001). Estimating and tendering for 
BR projects carry a higher risk in the face of such uncertainties (Teo, 1990; 
Quah, 1989). The decisions must often be made on the basis of incomplete and 
imprecise information during tender preparation.  
 
In the management of BR projects, the level of management during 
construction, and the need for communication among the project team members 
(including clients and tenants) is far greater than for a new-build project. BR 
works can be tricky since BR projects are highly labor intensive, and usually 
involve small packages of work with several trade subcontractors involved 
(Okoroh and Torrance, 1999). 
 
All these features will affect the management of the BR projects in numerous 
ways, and create different demands for management strategies and the 
professional team than would be expected on a new-build project.   
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1.2 Motivation 
There are many motives to inspire this research, such as the significance of 
economical, technical, and managerial aspects of the BR works. The 
refurbishment and re-use of buildings is now recognized as a distinct sector of 
the construction industry (RECC, 2002). In Singapore, for instance, the 
upgrading of housing estates on a large scale by the government through the 
Housing and Development Board (HDB) and other private estates, as well as 
refurbishment works have become a significant component of local construction 
activities (Low, 1996).  
 
The growth in BR works and related activities has created new and interesting 
financial questions. According to statistics, the refurbishment sector constitutes 
20% of the building construction industry’s workload in Singapore (BCA, 2001), 
49% in the United Kingdom (Egbu, 1999a; Highfield, 2000), and more than 50% 
in the United States (Lee and Aktan, 1997). The actual number is likely to be 
more than these figures because the statistics do not often take into account 
“do-it-yourself” (DIY) works, which are carried out by many owners themselves. 
This figure will increase significantly since the building stock increases 
consistently every year, and eventually, more obsolescent or old buildings will 
need to be refurbished.  
 
Both national and international refurbishment markets will be fiercely more 
competitive in the future. Large contractors are increasingly entering the 
refurbishment market through direct entry by creating subsidiary divisions 
(Egbu, 1999b). One of the main factors that gave rise to the rapid increase of 
BR works is the building location. Most of the “old buildings” are often in 
strategic locations (e.g. CBD area) and need to be upgraded to maintain their 
competitive position in the property market. This involves providing tenants with 
both the image and the level of customer service that the modern office user 
demands. Finally, the current global financial crisis will also further fuel 
competition in this area. 
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BR projects differ from new-build projects in several aspects. BR projects now 
are generally accepted to be of higher risk than new-build projects (Quah, 1988; 
Teo, 1991), more complex (Egbu, 1997) and need greater coordination (CIRIA, 
1994). BR projects are often subject to planning and management constraints 
(Egbu, et al 1999a; Marosszeky, 1991). During the planning stage, the task is 
more akin to detect the work (building diagnostic); the actual condition of the 
existing building is difficult to capture completely (Friedman and Oppenheimer, 
1997; Axelrod, 2000). These uncertainties have consequences for the selection 
and control of project resources and contracts (CIRIA, 1994). 
 
In high-risk projects, such as BR works, good communication skills are vitally 
important among both contractors and subcontractors. The contractual 
relationship between main contractors and subcontractors is the major feature 
of these activities. The success of the contractor is determined largely by the 
quality of subcontractors engaged. For example, the majority of construction 
work is subcontracted (Riding, 1996); which leads to time and cost over-runs. 
Contractual disputes are common in BR projects because of improper selection 
of subcontractors (Greenwood, 2001); many faults by a subcontractor are due 
to them being awarded a job they cannot manage. On the other hand, there are 
some cases where good subcontractors have been given inappropriate contracts 
leading to poor results.  
 
Hence, the subcontractors play a major role in the construction industry. The 
contributions of subcontractors are significant in the construction industry in 
many countries, for instance, in the UK construction industry, over 90% of the 
construction work is now sub-contracted (Gray and Flanagan, 1996); in 
Singapore, approximately 47.7% of site work is sub-contracted (BCA, 2001). 
These trends are likely to continue, driven by the following technological, 
political, social and economic changes (Hughes and Murdoch, 1997; Lee, 1997):  
1. Technological progress leads to greater specializations, 
2. Changes in work patterns and career structures have led to expectations for 
more autonomy and personal control,  
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3. The economic situation has caused large firms to subcontract all but their 
core business, 
4. The construction industry has been more susceptible to these changes than 
other industries. 
 
Subcontractors dominate construction work; consequently, engaging suitable 
subcontractors is an essential element for the success of BR projects. A 
contractor needs subcontractors of sufficient caliber and with appropriate 
resources to execute the BR works at a fair price and with high quality. Faulty 
subcontractor work may be liable under the main contract and it may tarnish the 
main contractor’s reputation. In today’s highly competitive, global operating 
environment, it is impossible to produce low cost, high quality products 
successfully without the contribution of satisfactory subcontractors. 
 
BR projects remain, however, one of the least understood sectors in 
Architecture, Engineering and Construction (AEC) practice (Egbu, 1997). The 
distinctions between BR and new-build projects are insufficiently recognized and 
managed. Extensive research in this area has been conducted in the United 
Kingdom and other European countries. However, the current literature has 
largely concentrated on the client-main contractor relationship, with little 
reference to the main contractor-subcontractor relationship (Kumaraswamy and 
Matthew, 2000). In Singapore, although BR work is presently recognized as a 
distinct sector of the construction industry, very few publications relating to this 
field exist. 
1.3 The Need for a New Decision Making Tool(s) 
The decision-making process in the construction industry is more of an art than 
a science (Hatush and Skitmore, 1997; Holt, 1998). Observations show that 
most processes for subcontractor selection are made informally (Okoroh and 
Torrance, 1999; Shash, 1997; Wickwire, 1995). Typically, the task is performed 
in an unstructured, intuitive manner with considerable reliance on the 
experience or the judgment of the staff members (Holt, et al., 1994). Most of 
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the selection tasks are measured simply by the lowest price (Kashiwagi and 
Byfield, 2002; CIB, 1998). These findings are not surprising; Skitmore (1989) 
states that in the construction industry, there appears to be little use for any 
formal decision making system. 
 
Currently, the process of subcontractor selection consists of a wide range of 
criteria for which information is both qualitative and subjective, and sometimes 
based solely on financial considerations. There is no accepted global standard to 
evaluate and select the best subcontractor for BR projects (Yeap, 2000; Okoroh 
and Torrance, 1999; Lee, 1997, 1996; Loh, 1998). However, even with an 
extensive list of criteria, main contractors still need a method and the tools to 
consider a number of criteria, and to make optimum decisions in so far as the 
selection of subcontractors is concerned.  
 
Considering all these aspects, decision-making is a daunting task (Ashworth, 
1996; Cole and Sterner, 2000; and Woodward, 1997). Such problems cannot be 
easily solved using manual or conventional decision-making techniques alone. 
What is needed is a more scientific method of investigating and analyzing these 
problems and arriving at an optimum decision. The decision making tool is 
formulated as a guideline for decision-makers, so that they can make consistent 
decisions. It is difficult to make economically responsible decisions without an 
appropriate decision making tool (Tiwari and Baneree, 2001; Harrison, 1999; 
Turban and Aronson, 2001). 
 
Hence, there is a need to develop a formalized and structured approach to the 
selection of subcontractors for building refurbishment projects. One of decision 
making tool to handle this process is a computer aided decision support system 
(CADSS). The proposed CADSS for subcontractor selection is called the 
Subcontractor Selection Decision Support System (SSDSS). The model should 
be suitable in order to assist the main contractors in Singapore.  
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1.4 Justification for Using Computer Aided DSS 
There are many reasons to justify the use of CADSS and developmental efforts 
in the selection and appointment of subcontractors in BR works, such as 
imprecise information, non-permanent staff, and the considerable potential of 
CADSS.    
 
In BR works, there are numerous tasks where decisions are shaped by 
experience-based capabilities, the future workload of a firm and its general 
policy. The decision-makers are often required to make a choice on the basis of 
incomplete and imprecise information during the tender preparation stage 
(Okoroh and Torrance, 1999). In such a situation, one is likely to find that 
decision-makers often rely heavily on relatively unstructured methods in arriving 
at a decision.  
 
Because temporary staffing experts are not permanent; they leave organizations 
for many reasons, taking their specialist knowledge with them. It requires many 
years of experience and industrial practice to achieve the status of an expert. 
The CADSS can act as an archive for such knowledge, thereby providing a 
means of capturing and storing some limited, but possibly very valuable 
expertise of previous staff.  
 
A CADSS is valuable in that it helps managers make decisions by presenting 
information for, and interpretations of, various alternatives (Carlson and Turban, 
2002; Bidgoli, 1997; Pal, 2000; Turban and Quaddus 2002; and Shim et al., 
2002). The CADSS proposes a computational methodology (concept) hinging on 
the principle of Knowledge Based System (KBS) techniques. KBS technology 
provides the tools for collecting, modeling and representing that knowledge in a 
decision-aid system which brings about benefits to the contractors. The state-of-
the-art CADSS combines Graphical User Interface (GUI) with powerful “behind-
the-scene” efficient computational technology (Sriram, 1997). 
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Future generation DSS research has been observed to focus on the theory and 
application of soft computing management (Beynon, et al., 2002; Bolloju, et al., 
2002; Carlson and Turban, 2002; Nemati, et al., 2002; Power and Kaparti, 
2002; Power, 2000; Shim et al, 2002; Turban and Anson, 2001; Wang et al., 
2002; Zleznikow, 2001).  
 
The concept of the modern DSS approach has been applied to research in the 
AEC sector (Hew and Awbi, 2001; Konoglu and Arditi, 2001; Reed and Gordon, 
2000). In practice, several models were founded in the planning and cost 
analysis areas (e.g. Mohammed and Celik, 2002), and assessing loan 
applications (e.g. Brandon, 1998). However, very few modern DSS have been 
developed in the construction management field, i.e. for procurement systems.  
 
Based on these reasons, the BR subcontractor selection task can reasonably be 
handled adequately by the CADSS. The ability of CADSS in solving problems has 
led to cost saving, faster, decision process, and high competitive advantage. The 
CADSS is needed to aid tedious, but significant, decision making processes in 
subcontractor selection.  
1.5 Research Problems  
The literature review (see Chapter 3) found that: (1) many studies were in the 
artificial intelligence areas, but few studies were on the procurement systems 
domain; (2) globally, there were only a few publications on subcontractor 
selection, and hardly any studies were concerned with the selection of 
subcontractors for refurbishment projects; (3) none of the previous studies had 
focused on the viewpoint of contractors in Singapore; and (4) there were other 
gaps in subcontractor selection for BR projects.  
 
The features of BR work have consequences with regard to the difficulties in 
selecting subcontractors, such as: (1) incomplete information; (2) decisions 
having to be made quickly; and (3) unavailability of appropriate tools for 
guidance. Because of these constraints, the main contractor faces difficulties in 
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making decisions consistently and accurately; their decisions may be based 
solely on their judgments and experience, consequently, there are often 
oversights in making decisions. Based on these difficulties, the research 
problems are: 
1. The knowledge of the selection task, including model factors, criteria, 
attributes, and their set ranking to engage subcontractors in BR works are 
undefined. 
2. The framework for knowledge acquisition, storage, and retrieval of 
information for subcontractor selection in BR works need to be re-defined 
and applied using computer software. 
 
The research problems can best be summarized in the following statement: 
How can the knowledge of the selection task, including factors that influence 
decision-making, be differentiated, and in what way can such knowledge and 
factors be represented in a CADSS for use in selecting subcontractors for 
building refurbishment works?     
1.6 Objectives 
This research seeks to develop a formalized and structured approach to the 
selection of subcontractors for building refurbishment projects. The process of 
subcontractor selection is embedded in a CADSS, which is called the 
“subcontractor selection decision support system” (SSDSS). The SSDSS 
provides guidelines for the decision-maker to evaluate alternatives that 
optimally meet the technical, economic and non-economic considerations of the 
main contractor.  
 
This present research is an initiative to identify and capture knowledge, logical 
relations, and heuristic rules used by decision-makers, as well as to embody 
them in a decision support tool as a way of assisting and automating the 
processes of subcontractor selection for BR projects. The incorporating of 
subjective, qualitative, and quantitative information into a KB adds more 
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dimensions to enhance the credibility of the overall process for subcontractor 
selection.  
 
Hence, the research will pursue the following objectives: 
1. To review previous studies of subcontractor selection both in Singapore and 
abroad.  
2. To review the current situation regarding subcontract practices of BR works 
within the Singapore construction industry.  
3. To identify and classify significant factors that main contractors should 
consider during decision-making in subcontractor selection for BR projects. 
4. To analyze the contributing (ranking) factors and define an appropriate set of 
model factors, criteria and sub-criteria (attributes) for subcontractor 
selection. 
5. To develop a framework for the SSDSS, to apply the framework using 
computer software and to validate the SSDSS.  
1.7 Research Hypotheses 
It would appear that almost all criteria for subcontractor selection rely on the 
price factor. However, this present research is based on the general hypothesis 
that: 
 
There is a combination of criteria, apart from price, which main contractors 
should consider when selecting subcontractors for BR projects.  
 
This general hypothesis is elaborated in three main hypotheses as follows: 
H1. Main contractors select subcontractors for BR projects based on the 
project specifications. 
H2. Main contractors select subcontractors for BR projects based on the 
subcontractor’s profile. 
H3. Main contractors select subcontractors for BR projects based on their 
special considerations. 
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1.8 Scope and Definition  
The accuracy of the keyword definitions is crucial. Mansfield (2002) suggests 
that because of the comparative lack of precision in using a range of terms, it 
might further blur the boundaries between the tasks. Some definitions 
concerning refurbishment, decision-making, and IDSS areas have been 
recognized, but it’s difficult to get an acceptable universal definition. The scope 
and definitions of the keywords are clarified in this section. 
1.8.1 Refurbishment 
Refurbishment comes from the word “re”, to do again, and “furbish”, to polish or 
rub up (Douglass, 2002). In a longer definition, some publications define 
refurbishment as construction work to an existing facility to update or change 
the facilities, which it provides, and may include, or be carried out in connection 
with some new-facility extensions of accommodation. The types of work include 
reconstruction, upgrading, renewal, restoration, alteration, conservation, 
rearrangement, conversion and expansion. The type of construction can be 
general building and/or civil engineering work.  
 
Refurbishment has become a generic, interchangeable term, apparently 
indistinguishable from other specialist activities (Mansfield, 2002). There are 
many terms used in practice to describe refurbishment, different terms being 
used from country to country; some of the more common being upgrading, 
conversion, repair, retrofit, adaptation, and renovation.  
 
Of these terms, refurbishment or upgrading is commonly used in Singapore 
(BCA, 2003), Europe and other Commonwealth countries, while renovation or 
retrofit is popular in the United State and various other countries (CIRIA, 1994). 
Douglas (2002) used the broad term adaptation to include refurbishment, 
rehabilitation, remodeling, renovation, retrofitting and restoration.  
 
The Building and Construction Authority (BCA) in Singapore uses the term 
“repairs and decorations” for the classification of work related contractors in the 
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directory of registered contractors. However, this classification covers 
contractors for any upgrading work without building structure alterations (BCA, 
2003), mostly cleaning and painting work. This is similar to the definition by 
Rosenfeld and Shohet (1999) that refurbishment is considered to prolong the 
effective life of the facility, without substantial changes in its original 
characteristics, although it may include some limited acts of remodeling and 
modification of sub-systems. 
 
In this research, refurbishment, retrofit, and renovation terms were used 
interchangeably, and defined as: extensive repair, renewal and modification of a 
building to meet economic and/or functional criteria equivalent to those required 
for a new building. This could involve the installation of current building system 
standards: structures, envelopes, interiors and layouts, ventilation and lighting 
systems, using standard materials for a new building.  
 
This research focuses on building refurbishment works in the construction 
industry in Singapore. 
1.8.2 Subcontract Relationships 
Under the standard form of contract, there are three broad categories of 
subcontract relationships: nominated, domestic, and named subcontractors. This 
present research focuses on the selection of domestic subcontractors, because 
the selection process of this approach is entirely dependent on the influence of 
the main contractors. In this case, the essential contribution of the 
subcontractor is to carry out specific BR works, which may include design work; 
bringing in skilled labors, materials, special plants and machinery. For the 
appointment of the suppliers, or other specialists, or even other types of work, 
this selection model may also be utilized, after making some adjustments in the 
selection criteria; however, that is not within the scope of this study.   
1.8.3 Decision-Making 
All managerial activities revolve around decision-making, which is a process of 
choosing among alternative courses of action for attaining goals (Moore and 
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Tomas, 1976; Simon 1977; Smith, 1998). This research focuses on the scenario 
where the main contractor has to select potential BR subcontractors subject to 
time pressure.  
 
The phases of problem solving and decision-making are found in the literature. 
However, there is no consensus to differentiate between them (Turban and 
Aronson, 2001). Some consider the entire three phases (intelligence, design, 
and choice phases) as problem solving, with the choice phase as the actual 
decision-making. Others view phases one to three as formal decision-making, 
ending with a recommendation, whereas problem solving additionally includes 
the actual implementation of the recommendation. In this research, the 
decision-making and problem solving processes are used interchangeably. 
1.8.4 Computer Aided Decision Support System 
A computer is an electronic device, operating under the control of instruction 
stored in its own memory unit, which can accept data (input), process data 
arithmatically and logically, produce output from the processing, and store the 
results for the future use. A computer allows a decision maker to perform large 
numbers of computation very quickly and at a low cost (Turban and Aronson, 
2001).  
 
In this research, CADSS is defined as interactive computer-based information 
systems that utilize decision-making rules and models, coupled with a 
comprehensive database to help main contractors select a subcontractor. CADSS 
is a tool for decision makers to extend their capabilities, but not to replace their 
judgment. They are geared toward decisions where judgment is required or for 
decisions that cannot be completely supported by algorithms (Drummond, 1996; 
Zeleznikow and Nolan, 2001).  
 
This present research is an automated tool, which involves multidisciplinary 
project management, and computer science research that applies CADSS 
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methods and technologies to deal with the selection of potential subcontractors 
for BR works. 
 
A computer system is designed and implemented to take care of the screening, 
shifting and filtering of data, information and knowledge (Carlson and Turban, 
2002). Knowledge base is a component of the subcontractor selection decision 
support system (SSDSS) which handles those tasks.  
 
A KBS is a computer system that attempts to replicate specific human expert 
intelligent activities (Mockler and Dologite, 1992). KBS is a methodology that 
combines qualitative and quantitative criteria in the form of heuristic or rule of 
thumb to aid in decision-making (Sriram, 1997). A KBS attempts to model an 
expert so that his knowledge in a specific domain is always readily available to 
users for the purposes of decision-making, diagnosing, forecasting and other 
applications. More details of “computer aided decision support system” are 
discussed in Chapter 2.  
1.9 Contributions and Limitation of the research 
The contributions and limitation of the research are discussed in Chapter 9. 
1.10 Structure of the Thesis 
This thesis is organized in nine chapters. Chapters 2 and 3 provide 
comprehensive literature review on decision-making, computer aided decision 
support systems, building refurbishment works, and other relevant studies. 
These chapters also discuss the existing practice of building refurbishment and 
procurement process, and finally, identify the knowledge gaps. 
 
Chapter 4 discusses the research methodology, describing the strategy of data 
collection and analysis. It also covers the techniques of model development. 
 
Chapter 5 presents the theoretical framework for the factors that influence the 
selection of potential subcontractors for BR projects. This chapter discusses the 
criteria used, and the relationships of the criteria in logical mapping. It also 
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analyzes and presents an appropriate procurement strategy for the selection of 
BR subcontractors.      
 
Chapter 6 presents the findings of the fieldwork that consists of knowledge 
acquired through interaction with domain experts. The findings of the fieldwork 
provide a comprehensive elucidation; it is divided into two chapters (Chapter 6 
and Chapter 7). This chapter discusses the analysis of the interviews with the 
main contractors in Singapore.  
 
Chapter 7 discusses the analysis of the questionnaire responses from the main 
contractors in Singapore. 
 
Chapter 8 discusses the model development and application. This chapter also 
explains the model validation to ensure the robustness of the model.   
 
Chapter 9 summarizes the main findings of this research and suggests proposals 









The research result provides a comprehensive evaluation of decision alternatives 
for engaging subcontractors in BR projects and to present a CADSS. To develop 
CADSS, the construction of a knowledge base, which reflects the heuristics 
aspect of domain expert (DE), is the main activity. The knowledge acquisition 
(KA) stage is concerned with the most critical issues.  
 
In the knowledge acquisition stage, three types of knowledge were captured 
from documented sources and several DEs, i.e. criteria and attributes (facts), 
processes and expertise (concepts and rules), and weighting criteria of 
subcontractor selection (rules). Knowledge from documented sources was 
captured through literature review; while the expertise of the subcontractor 
selection process was captured from the DEs through interviews. 
 
The literature review examines decision theories, computer science, with specific 
reference to computer aided decision support system, the features of building 
refurbishment, and other relevant studies. To present the theoretical framework 
of the research, besides these reviews, other concepts from supply-chain 
management, human resource management, and personnel selection were 
reviewed. 
 
In order to provide a comprehensive discussion, this review was divided into two 
chapters (Chapter 2 and 3). This chapter reviews attitude with regard to the 
principle of decision-making, the outline of the fundamental structure of KBS, 
and the computer systems.  
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Chapter 3 comprises review of refurbishment studies, including the current 
practice of subcontractor selection. In the last section of this chapter, knowledge 
gaps are identified, and the research problems and hypotheses are formulated.   
2.2 Decision-Making  
In BR project management, there are numerous decisions that should be made, 
for example, in the procurement strategy, when the quotations have been 
received and a decision must be made regarding which quotation to accept. It 
involves the development and consideration of a wide range of necessary and 
sufficient decision criteria, as well as the participation of many decision-making 
parties (Brook, 2001). 
 
The anatomy of decision-making associated with subcontractor selection can be 
explained through the following topics: types of decisions, decision-making 
processes, and challenges in decision-making.    
2.2.1 Types of Decisions 
Decision-making problems involve numerous issues, depending on the 
properties, that one wants to highlight (Kaymak, 2002).  Business decisions can 
be divided into three categories: (1) strategic decisions, (2) administrative 
decisions, and (3) operating decisions. These categories typify the management 
approach to decision-making, by relating decisions to the functional divisions of 
the organization (Simon, 1977). Strategic decisions are seen as being made by 
senior managers, whose decisions influence policies and affect the organization’s 
relationship with its external environment. Administrative and operating 
decisions are carried out by middle management (Chicken, 1994; Simon, 1977).  
 
In this sense, selection of a subcontractor and contract strategy should be made 
by senior staff or the management. The term, contract strategy, is used to 
describe the organizational and contractual policies chosen for the execution of a 
specific project.  For a refurbishment project, the strategy must take into 
account uncertainty (coupled with high client involvement) as well as possible 
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continued occupancy and the technical problems associated with renewing an 
existing asset (CIRIA, 1994; Egbu, 1997). 
 
The strategy must establish cooperative working relationships between the 
parties at an early stage of the project, and maintain them thereafter. It also 
requires a level of flexibility appropriate to the site, uncertainty, and complexity 
of the project. The main contract between the employer and main contractor will 
affect the relationship of the main contractor and sub-contractors. These 
features will impinge upon the criteria of subcontractor selection for BR projects.  
2.2.2 Decision-Making Process 
Making decisions is a key action taken in the selection process. In decision 
theory, several steps for the selection process have been proposed, for example, 
decision-making involves three interacting sub-processes that precede the 
actual decision, including: (1) gathering information; (2) generating, 
contemplating; and (3) evaluating alternative courses of action, as well as 
processes of implementation and evaluation that should follow a decision once it 
is made (Turban and Aronson, 2001). These activities can be classified into 
three phases, which are called, the “three phases of Simon’s model”: 
intelligence, design, and choice (Kersten, 1999; Simon, 1977). These steps can 
also be regarded as a three-stage process of option identification, evaluation, 
and selection (Kersten, 1999; Chicken, 1994).   
 
In human resource management (HRM) literature, Roe (1989) proposed a major 
function of decision-making procedures that is understandable and most 
commonly used, and may be relevant to subcontractor selection. Roe (1989) 
proposed the following four stages: 
1. Information gathering: obtaining information about job openings, job 
contents, job requirements, etc. and on physical, behavioral and biographical 
characteristics of applicants.  
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2. Prediction: transforming, information on (past and present) applicant 
characteristics into a prediction about their future behavior, and the resulting 
contributions to organizational goals. 
3. Decision making: transforming predictive information on applicants into a 
preferred action. 
4. Information supply: producing information on applicant characteristics, 
predicted behavior, plans for action (decisions), etc. 
  
A structure of these functions and their logical interactions are depicted in the 




















Selecting subcontractors is essentially about the decision-making process that 
occurs within the overall procurement strategy. The process of evaluating and 














originate from any one number of scenarios: a new BR project may require the 
evaluation of a subcontractor; the main contractor may be dissatisfied with the 
current subcontractor’s service that creates a need to evaluate an alternative 
subcontractor, or the main contractor’s strategy is to maintain competitiveness 
through competitive subcontractors. Many other sourcing request scenarios can 
also be listed, but those described above are representative of the origins of 
such requests. 
 
In general, making decisions in the management of BR projects, as well as new-
build projects may be similar. However, the features of new-build and BR 
projects are quite different. The risks and level of uncertainties are higher in BR 
than in new-build projects. These features will drive the decision-maker to 
handle BR projects in different ways. The selection procedures model in Figure 
2.1 represents a basic structure of practical decision making for selecting 
alternatives. It is a framework of the SSDSS model development, which involves 
the comparison of the evaluated criteria with the attributes of subcontractor 
performance. 
2.2.3 Challenges in Decision- Making  
Selecting subcontractors for a BR project is a management responsibility, which 
is characterized by nonlinear and complex tasks, uncertain situations, technical 
and non-technical information which must be considered, and involvement of 
both qualitative or judgmental, and quantitative decisions. The decision-making 
task relies heavily on judgment (Shim, et al., 2002). The process is often 
performed without the aid of a computer to manipulate the types of data 
presented in the selection decisions (Holt, et al., 1995). 
 
In practice, it is difficult to make decisions for several reasons: First, a human 
mind is limited in its ability to process and store information. People may have 
difficulties recalling information in an error free fashion when it is required (Janis 
and Mann, 1977). Human decisions tend to be biased because of numerous 
factors, both internal (human ability) and external (environmental) aspects.  
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Second, the number of available alternatives is much larger today than ever 
before because of improved technology and competitive pressure (CIRIA, 1997; 
Gray and Flanagan, 1996).  
 
Third, competition is not merely based on price, but also on quality, timeliness, 
customization of products, and customer support. The ability of contractors to 
meet requirements of the main contract will affect selection of a subcontractor 
(Grundberg, 1997).  
 
Fourth, there are continuous changes in the fluctuating environment, client 
requirements, hence more uncertainty. Finally, because of time restraints, 
decisions must be made quickly. No matter what the procurement method used, 
after the main contract is awarded, the main contractor has to put together his 
project team, including subcontractors before a commencement letter is issued. 
In practice, this short period may be less than a week.       
 
Because of these constraints, it is difficult to rely on judgment, intuition, and the 
trial and error approach to management. Therefore, an innovative decision 
support tool, which assists the decision-maker in overcoming these internal and 
external issues, is essential. Using Decision Support System (DSS) tools to 
support decision-making can be extremely rewarding and effective in making 
appropriate decisions (Beynon, 2002; Carlson and Turban, 2002; Drummond, 
1996). Decision support tools for the future should base on the principle of a 
computerized (automation) system.  
2.3 Decision Support Systems (DSS)  
Decision support systems (DSS) are computer-based systems used to assist and 
aid decision makers in their decision making processes (Kersten, 1999). Little 
(1970) proposed that a DSS be “a model-based set of procedures for processing 
data and judgments to assist a manager in his decision making”. Other 
definition by Keen and Scott-Morton (1978) that DSS couple the intellectual 
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resources of individuals with the capabilities of computers to improve the quality 
of decisions. It is a computer-based support for management decision makers 
who deal with semi-structured problems.   
 
The DSS technique used is dependent on the problems to be solved. Some 
problems are structured and can be solved by using traditional quantitative 
models, such as the mathematical model. Other problems include semi-
structured or unstructured problems, which cannot be handled by conventional 
methods. The conventional methods are not appropriate for handling the often 
vague and non-quantitative objectives and constraints.  
 
The decision-making procedure varies with each problem to be solved, and a 
decision theory provides decision makers with a wide range of instruments that 
can be applied to uncover existing relationships and to help represent, analyze, 
solve and evaluate decision problems. Chicken (1994) proposed various 
analyses of decision support techniques, for instance, public debates, risk 
analysis, forecasting, regression, decision trees, cognitive mapping, game 
theory, multivariate analysis, etc. Chicken (1994) exposed fundamental 
limitations, and potential rules of the techniques. However, the guidance is not 
simply assistance; the project cases proposed are mostly constructed in the 
1970s, which utilized conventional methods, and not an automated model. In 
addition, the main idea of the guidance is specifically for project risk 
assessment. 
 
Turban and Aronson (2001) rephrased Gorry and Scott’s (1971) decision support 
framework so that it can be used easily for classifying problems and selecting 
appropriate tools. The framework in Table 2.1 is actually a combination of 
Simon’s (1977) and Anthony’s (1965) models. The left side of Table 2.1 is based 
on Simon’s (1977) idea that the decision-making process falls along a 
continuum that ranges from highly structured (program) to highly unstructured 
(non-program) decisions. Structured processes are routine and typically involve 
 22
repetitive problems for which standard solution methods exist. Unstructured 
processes are fuzzy, complex problems for which there is no short-cut solution.  
 
The second half of the framework is based on Anthony’s (1965) idea, which 
defines three broad categories that encompass all managerial activities: (1) 
“Strategic planning”, defining long-range goals and policies for resource 
allocation; (2) “Managerial control”, the acquisition and efficient use of resources 
in the accomplishment of organizational goals; and (3) “Operational control”, the 
efficient and effective execution of specific tasks.  
 
Based on Table 2.1, the technology support needed may range from DSS, 
Expert System (ES), management science, and Neural Network techniques (see 




Based on the framework in Table 2.1, it can be understood that using a DSS as 
a stand-alone system, although it has strengths in some functions, may have 
limitations in others. Therefore, a system that integrates knowledge with 
database management systems, graphics, qualitative and quantitative methods 
Table 2.1 Decision Support Frameworks 
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and/or other modeling techniques is of utmost importance to provide decision 
makers with an efficient decision making process. DSS should provide the basic 
features of computer-based systems (for example, adaptability, ease of use, and 
data integration).  
 
In this present research the DSS is called computer aided decision support 
systems. The integrated CADSS model, which consists of Knowledge-Based 
System and a database, is applied to and called the subcontractor selection 
decision support system (SSDSS). The next section discusses the outlines of the 
CADSS. 
2.4 Computer Aided Decision Support System (CADSS) 
A DSS is usually built to support the solution of a managerial control problem, 
e.g. negotiations, lobbying, and recruitment/selection tasks. Decision support is 
called “intelligence” if an intelligent agent (artificial intelligence = AI) is included 
in the system (Jackson, 1999; Mockler and Dologite, 1992). 
 
Several names were used to describe the intelligent agent, including “software 
agents” (Murch and Johnson, 1999). The term “agent” is derived from the 
concept of agency, referring to employing someone to act on your behalf 
(Turban and Aronson, 2001). A human agent represents a person and interacts 
with others to accomplish a predefined task.     
 
Turban and Aronson (2001) suggest that DSS are usually developed for complex 
situations, which require both qualitative and quantitative techniques. 
Subcontractor selection for refurbishment projects is complex, and a managerial 
control type of problem.  
 
The subcontractor selection process appears as a proper domain to treat the 
decision support model, which is characterized by the following: 
1. Many factors to be considered  
2. Multiple decision makers are involved 
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3. Interdisciplinary subjects, and 
4. Uncertainty. 
 
The CADSS is built to fulfill two key functions: (1) screening, shifting and 
filtering of a growing overflow of data, and (2) support of an effective and 
productive use of information systems. Soft computing has been designed and 
implemented to take care of the screening, shifting and filtering of data, 
information and knowledge (Carlsson and Turban, 2002).  
2.4.1 Heuristics  
Heuristics are included as a key element of CADSS in the definition, which deals 
with ways of representing knowledge with rule-of-thumb tactics. Heuristics are 
decision rules governing how a problem should be solved. People often use 
heuristics consciously to make decisions. By using heuristics, one does not have 
to rethink completely what to do every time a similar problem is encountered 
(Turban and Aronson, 2001). For this research, the heuristics express the 
informal judgmental knowledge in selecting a subcontractor.  
 
In conventional programming, data is generally provided and processed in an 
algorithmic manner. Repetitive processes are copied onto data in the correct 
form and type. CADSS has the ability, as well as carrying out algorithmic 
processing, to operate with uncertain data or ranges of data. Data can be 
provided in many forms to the system, which will attempt to deduce as much as 
it can from this input data, using the information contained in the knowledge 
bases and the inference mechanisms provided. 
2.4.2 Knowledge Separation  
In CADSS, the knowledge is distinctly separate from the control mechanisms or 
inference engine. The knowledge can be stored in a structured format, for 
example, knowledge bases or rule-sets, and separate inference mechanisms 
operate on this data to produce results. Both knowledge bases and the inference 
mechanisms may be modified independently of each other. More information 
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regarding this topic can be seen in Medsker, et al. (1995); Mockler and Dologite 
(1992); Prerau (1990); Sriram, (1997); and Turban and Aronson (2001).  
 
Rowlinson (1999) criticized that one of the problems with a majority of 
conventional computer-based systems is that the logic behind the advice given 
is not readily apparent. Park (1999) also criticized specifically that the common 
KBS applied mostly the “black box” approach. This approach would be extremely 
difficult to maintain because the whole knowledge base has to re-program to 
adapt even for the slightest change.  
2.5 Decision Analysis Techniques 
In building refurbishment projects, subcontractor evaluation is characterized by 
time pressure, uncertain condition and incomplete information regarding the 
existing building conditions. Furthermore, the number of factors and variables to 
be considered is significant, which may make the evaluation by the main 
contractors difficult.  
 
These factors are probably not of equal importance; each subcontractor may 
fulfill each variable to a different degree. For example, one subcontractor may 
have experience, but proposes a higher quotation price. On the other hand, 
another subcontractor may offer a lower price, but he has less experience. The 
decision makers, with their limitations, may thus find it difficult to decide which 
subcontractor is the most suitable. In this case, the weighting criteria analysis 
tool is needed, in which each decision parameter and its relative weight is of an 
important degree and is determined by the main contractor’s strategy. Analytical 
decision tools can help the decision makers to overcome their limitations by 
providing a consistent and structured framework for weighting factors (Kaymak, 
2002; Moore and Thomas, 1976). 
 
Generally, a decision problem involves the examination of a set of potential 
alternatives over a set of criteria (both qualitative and quantitative). For this 
present research, a framework for a computerized hybrid decision support tool 
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was introduced to analyze subcontractors’ characteristics and capabilities in the 
light of their suitability to fulfill the BR project requirements. The hybrid model is 
a method that integrates several techniques into a one-package system. As the 
decision process proceeds, quantification of the factors will be computed by a 
quantitative (mathematical) model, while the qualitative problems will be 
handled by KBS through rule-based reasoning.  
2.5.1 Mathematical Model 
A mathematical model is a family of tools designed to help solve managerial 
problems in which the decision maker must allocate scarce resources among 
competing activities to optimize a measurable goal (Turban and Aronson, 2001).  
 
For this present research, the mathematical model is needed to quantify the 
weight of the factors/attributes, and to identify the most optimum combination 
of the factors (subcontractors’ attributes). Numerous sub-classes of 
mathematical techniques can be used in weighting criteria. Because of the vast 
literature available regarding selection tasks, the methodology chosen is 
referred to in the literature, which was based on the requirement of the model 
selection.  
 
The requirements for an effective methodology of model selection are based on 
a simple mathematical operation that is easy to follow and understand even by a 
non-scientist, with the result of it being sufficiently accurate and widely used. 
Beside the requirement of simple mathematical operations, the preferred 
method should also be able to handle multi-level attributes in a hierarchy tree 
(see also the criteria of effective DSS in section 2.7). By realizing these 
requirements, contractors would be expected to use the model. 
 
There are three techniques, which are commonly used in the selection tasks 
process: neural network (NN), Fuzzy sets model, linear programming (LP), and 
multi criteria decision-making (MCDM). Based on the model requirements, the 
NN and Fuzzy set methods were not considered. Although they are popular in 
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scientific research, they involve complex mathematical calculations and 
computer programming (Mak et al, 1996). Holt (1998) noted that the 
practitioners might be reluctant to apply these techniques because of their 
complex nature. Ling (1998) noted that these techniques do not have a unique 
method to drive the importance weights.  
 
Another technique is LP technique that is popularly used for the decision-making 
process. The LP technique maximizes or minimizes a linear function subject to 
linear system of constraints (Griffis and Farr, 2000). This technique has also 
been applied in the AEC area, for instance Gustafson (2001). However, LP is 
appropriate to make decisions on design alternatives, not in the selection of 
candidates. In selection of design alternatives, the alternatives are not 
predetermined; on the other hand, in the selection of a candidate, the 
alternatives are predetermined. Furthermore, Russell (1992) explained that 
requiring decision makers to supply probability that each rating would occur in a 
linear model is complicated and not likely to be of much use in the application of 
candidate selection.   
 
The MCDM is powerful in solving central decision problem, which is how to 
evaluate and rank the performance of a set of choices in terms of the decision 
criteria. The MCDM abilities comply with the requirements of the effective model. 
This technique also utilizes relatively simpler mathematical calculations than the 
earlier techniques. Based on these reasons, the MCDM was applied in this 
research.  
 
There are three steps in utilizing any the MCDM technique involving numerical 
analysis of alternatives: 
1. Determine the relevant criteria and alternative. 
2. Attach numerical measures to the relative importance of the criteria and to 
the impacts of the alternatives on these criteria. 
3. Process the numerical values to determine a ranking of each alternative.   
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The MCDM technique has been widely applied in many research studies (Yoon 
and Kim, 1989; Park and Kim, 1997; Humpreys, et al., 2003), including several 
applications in the AEC area, for example, see Russell (1992); Holt, et al. 
(1994); Krassadaki and Siskos (2000); Ling, et al. (2003), etc. 
 
However, the MCDM technique has some sub-classes; the appropriate analysis 
technique needs to be chosen from these sub-classes. According to many 
authors, the MCDM can be classified in many ways, for example, it may be 
broadly classified in terms of multi-objective decision-making (MODM) and 
multi-attribute decision-making (MADM) (Triantaphyllou, 2000). The MODM is a 
problem-solving technique in which the objectives are not predetermined, and it 
is therefore commonly used for design (that is, designing the best option with 
respect to purchaser objectives). Such an approach is unrealistic for 
subcontractor selection. For these reasons, MODM is not considered further in 
this research.  
 
Conversely, MADM is most widely applied (Triantaphyllou, 2000); the MADM is 
capable of helping to select (identify) optimum choices with respect to the same 
objectives where the decision alternatives are predetermined (Yoon and Kim, 
1989). Fellow, et al. (1983) suggested that MADM is a methodology that can be 
used as a tool to measure objectivity in an otherwise subjective area of 
management. This is relevant to the characteristic of factors to be considered in 
subcontractor selection for BR projects.  
 
The MADM also has some sub-classes. Although Holt (1998) argued that 
absolute classification of some selection methodology is not possible, Chen and 
Hwang (1991) have proposed the most common MADM classification based on 
the type of information available (see Figure 2.2). More information concerning 
this topic can be found in Park and Kim (1997), Triantaphyllou (2000), and Yoon 



























The appropriate analysis technique may be selected through the taxonomy of 
MADM. Norris and Marshal (1995) suggested that, in principle, any MADM, which 
requires cardinal weighting of attributes, could utilize one of the following 
techniques: Elimination and Choice Translating Realty (ELECTRE), Technique for 
Order Preference by Similarity to Ideal Solution (TOPSIS), Weighted Product 
Model (WPM), Analytical Hierarchy Process (AHP) model, and Weighted Sum 
Model (WSM). Based on the taxonomy of Figure 2.2 and the characteristics of 
the subcontractor selection process for a BR project, these methods may be 
applied appropriately. 
Figure 2.2 Taxonomy of MADM  
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The ELECTRE method is especially convenient when there are decision problems 
that involve a few criteria with a large number of alternatives (Triantaphyllou, 
2000). However, disadvantages of the ELECTRE are that the technique is 
sometimes unable to identify the most preferred alternative, and is unrealistic 
for the problem of subcontractor selection. 
 
In the TOPSIS method, the ideal solution has to be identified in advance. The 
basic concept of this method is that the selected alternative should have the 
shortest distance from the ideal solution and farther distance from the negative-
ideal solution in some geometrical sense (Triantaphyllou, 2000). This method is 
also unrealistic for the problem of subcontractor selection. Because of these 
reasons, the ELECTRE and TOPSIS methods were not considered in this 
research.  
 
Another method is the WPM, which is sometimes called dimensionless analysis 
because its structure eliminates any units of measurement. It is a sophisticated 
technique, which can be used in single and multi-dimensional MCDM. An 
advantage of this method is that instead of the actual values, relative ones can 
be used (Triantaphyllou, 2000). However, this comparatively sophisticated 
technique has not been widely utilized because many decision makers are not 
familiar with its complexity. Ling (1998) found that no construction-related 
research used this method. Because of these reasons, this method was not used 
in the research of subcontractor selection for BR projects. 
 
The last two methods are the WSM and AHP method, which are the most widely 
used. Both methods are also called the additive weighting method. The basic 
logic of the additive weighting method is cardinal alternative scores and cardinal 
attribute weights.  
 
Cardinal Alternative Scores. Additive weighting methods use cardinal numerical 
scores, which characterize the overall desirability of each alternative. These 
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desirability scores, Di (for each of the m alternatives, i= 1, ..... m), can then be 
used to rank the alternatives, to identify a subset of most preferred alternatives, 
or to select the single most preferred alternative.  
 
Cardinal Attribute Weights. The relative importance of attributes to the decision 
maker is defined to be constant across alternatives, and is described using 
cardinal weights (wk) which the decision maker assigns to each of the n 
attributes, k=1, ...... n. The weights are generally normalized so that they sum 
to 1.  
 
A comprehensive survey of MADM and applications found that additive weighting 
methods are probably the best known and most widely used of all MADM owing 
to their simple and intuitive logic, their multi-purpose functionality, and their 
incorporation of compensatory tradeoffs among attributes (Norris and Marshall, 
1995). In the next sections, only the AHP method and the WSM are evaluated. 
2.5.1.1 Analytical Hierarchy Process (AHP) Method 
Saaty (1980) popularized the AHP, and a number of special issues in refereed 
journals have been devoted to AHP and the use of pair-wise comparison in 
decision-making (Emblemsvag and Tonning, 2003). The AHP method has also 
been applied in a contractor selection model (e.g. Fong and Choi, 2000). 
However, some opponents of this model, for example, Belton and Gear (1983) 
criticized that the best alternative resulted is inconsistent. Render and Stair 
(2000) also argued that the AHP model involves a large number of calculations.   
 
Ra (1999) criticized that the pair-wise comparison technique was a time-
consuming process for the large numbers of decision elements. The explosion of 
pair-wise comparisons was another limitation of this technique. The number of 
pair-wise comparisons, which is the basis of this technique, is governed by the 
formula n(n-1)/12. Ra (1999) found that 45-paired comparisons were required 
for a ten-decision element, and 190 for 20 elements. The increase in paired 
comparisons is especially significant for large hierarchies. Ling (1998) also found 
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that when 40 attributes were identified in her model, the numbers of pair-wise 
comparisons exploded to 780!  
 
Decision-makers might lose interest in pair-wise comparisons because of the 
large number of comparisons required. Although some authors revised these 
limitations, e.g. Belton and Gear (1983) and Ra (1999), it is still debatable. For 
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2.5.1.2 Weighted Sum Method (WSM) 
The WSM has been widely applied in many research fields (Park and Kim, 1997; 
Triantaphyllou, 2000; Yoon and Kim, 1989). A simpler approach based on WSM 
multiple criterion decision-making has been applied to several models, including 
in AEC areas, such as Russell (1992); Holt, et al. (1994); Triantaphyllou, et al. 
(1997); Raju and Pillay (1999); Krassadaki and Siskos (2000); Oliveira and 
Lourenco (2002); Ling, et al. (2003), etc. 
 
In principle, the WSM is quite similar to the AHP method. The only difference is 
that in the AHP method, the factors’ weight and evaluation are computed by the 
number of pair-wise comparison matrix, while in the WSM, the evaluation 
factors do not use pair-wise comparison. The following section describes WSM in 
detail.  
 
The basic conventions’ terms are alternatives, weighted elicitation method, and 
multi attributes. Usually “alternatives”, options, or candidates represent the 
different choices of an action available to the decision maker. “Weight elicitation 
methods” are important to contractors as decision-makers because it expresses 
the importance of each attribute relative to the others. “Multi attributes” are also 
referred to “decision criteria”. Attributes represent the different dimensions from 
which the alternatives can be viewed. The factor consists of criteria and 
attributes of alternatives (subcontractors). 
 
In a case where the number of criteria is large, criteria may be arranged in a 
hierarchical manner. That is, some criteria may be major ones. Each factor may 
be associated with several criteria. Similarly, each criterion may be associated 
with several attributes and so on. A hierarchical structure of criteria and their 







The hierarchical structure in Figure 2.3, as a MADM problem, can be easily 
expressed in a matrix format, as shown in Table 2.2. The decision matrix A is an 
(m x n) matrix in which element aij indicates the performance of alternative Ai 
when it is evaluated in terms of decision criterion Cj (for i=1, 2, 3, ….., m and j 
= 1, 2, 3, …n). It is also assumed that the decision-maker has determined the 
weights of relative performance of the decision criteria (denoted as wj, for j= 1, 
2, 3, ……, n). This information is summarized in definition: Let A = { Ai , for i= 
1, 2, 3, ….., n} be a set of decision alternatives and C = { cj , for j= 1, 2, 3, …, 
m} a set of criteria according to which the desirability of an action is judged. 
Determine the optimal alternative A* with the highest degree of desirability with 












The typical decision matrix can be formalized by a mathematical equation, as 







)(  for i=1, 2, 3, …, m……….(2.1) 
 
 
Table 2.2 A typical decision matrix 
 
C  r  i  t  e  r  i  a  
C1 C2 C3 …….. Cn 
Alternatives (  w1 w2 w3 …….. wn ) 
A1 a11 A12 a13 …….. a1n 
A2 a21 a22 a23 ……. a2n 
….. …. …. …. …….. ……… 
…… …. …. ….. …….. …….. 
Am 
 
am1 am2 am3  amn 
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The WSM is probably the commonly used approach, especially in single 
dimension problems (Triantaphyllou, 2000). If there are m alternatives and n 










  for i=1, 2, 3, …, m……….(2.2)  
 
where:  
A*  (WSM-score)   : is the WSM score of the best alternative. 
n  : is the number of decision criteria  
aij : is the actual value of the i-th alternative in terms of the j-th criterion 
wj : is the weight of importance of the j-th criterion 
      
It appears that the procedure of the WSM is easier than the other models and 
does not pose any unnecessary mathematical sophistication. This may be an 
advantage to apply the technique for the subcontractor selection model because 
the main contractors may be reluctant to utilize a complicated mathematical 
model. Holt (1994) noted that MADM is a term also known as “simple scoring 
MCDM”, and because of its simplicity, it is the most widely used in the industry.      
 
Other advantages of adopting the WSM for subcontractor selection are: 
1. Simplicity of model, its ease of understanding and use by construction 
practitioners.  
2. Provision for a systematic, structured approach to the evaluation of 
subcontractors against the same planned and weighted criterion.  
3. The calculated score of each subcontractor provides a basis for comparison 
and rational decision-making. Therefore, this process eliminates unwillingly 
biased decisions and guesswork.  
4. The model provides traceable documentation, explaining why subcontractors 
are selected. This is valuable when record keeping of the selection process is 
required due to a nominated or named subcontractor.  
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Based on these advantages, the multi-criteria decision making (MCDM) with 
WSM rating technique is most appropriate for the research on subcontractor 
selection for BR projects. 
2.5.2 Knowledge Based System (KBS) 
KBS is an interactive computer program incorporating judgmental experience, 
rules of thumb (heuristics), intuition and other expertise to provide 
knowledgeable advice to decisions in a specific domain by mimicking the 
decision-making process of human experts (Sriram, 1997; Turban and Aronson, 
2001). With a knowledge base and the ability to draw inferences from it, a 
computer can be put to practical use as a problem solver or decision maker. 
Figure 2.4 illustrates the concepts of a computer application. By searching the 
knowledge base for the potential facts and relationships, the computer can find 











Generating the KBS for BR subcontractor selection involves capturing the 
knowledge problem solving regarding the selection of subcontractors for BR 
works. The KBS should consist of heuristics aspects of the subcontractor 
selection process for BR projects. One of the effective ways to capture the 
heuristics can be realized through the application of integrated databases and 
knowledge base (Mohammed and Celik, 2002; Brandon and Ribeiro, 1998; 








Figure 2.4 Concepts of computer system, Knowledge Base and Inference capability 
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Once the decision parameters are established, the alternative subcontractors 
can be rated with respect to the decision parameters. A subcontractor’s score is 
calculated as a weighted sum of ratings over all decision parameters. The 
magnitude or rank order of the scores can then be used to select the 
subcontractor. In order to make the decision in subcontractor selection, 
however, strategy (knowledge) is needed. These strategies are stored in 
knowledge based system. 
 
A number of KBS that have already been deployed or are in the development 
stage have shown how some of the concepts and models of artificial intelligence 
(AI) (such as case-based reasoning (CBR), rule-based reasoning (RBR), model-
based reasoning (MBR), etc.) can be usefully integrated and combined with 
other computer technologies to produce and deliver powerful decision aiding 
systems in the construction industry (Brandon and Ribeiro, 1998). Pal and 
Palmer (1999) support three important approaches in the development of KBS: 
(1) Rule-based reasoning (RBR); (2) Case-based reasoning (CBR); and (3) 
Hybrid (i.e. a combination of RBR and CBR or integration other reasoning 
methods).  
 
Two subsets of KBS are usually used, rule-based reasoning (RBS) and case-
based reasoning (CBR). In the next section, both subsets will be explained 
briefly.  
 
Rule-based reasoning (RBR)  
In RBR systems, the specialized domain knowledge is represented as a set of IF 
<prediction(s)> THEN <conclusion(s)> rule format. Representation schemes 
utilize a set of rules to store the domain knowledge. This is sometimes known as 
production rules. These rules take the form of IF <situation, condition, 
pattern>; THEN action and the manner in which these rules are executed, or 
fired, are driven by the inference mechanism.  
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The IF clause or precondition is matched against a series of facts held in the 
context of the system, and those rules that apply are fired, producing a new set 
of facts. These new facts can then be matched against other rule preconditions 
to achieve the solution to the domain problem (Pal and Palmer, 2000). Rule-
based systems can be standalone or be a subset of a larger system. The general 

















Case-based reasoning (CBR)  
CBR is a problem solving approach that relies on past, similar cases to discover 
solutions to problems, to modify and critique existing solutions and explain 
anomalous situations (Humpreys, 2003). In other words, people re-use all their 
past problem-solving experience to deal with a new case. 
 
CBR is a rich and knowledge-intensive method for capturing past experiences, 
enhancing existing problem solving methods and improving the overall learning 
capabilities of machines. CBR systems provide decision-support to decision-
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Figure 2.5 RBR process 
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problem or situation case is compared with a library of stored cases, i.e. a case-
base. Each case contains information regarding a specific problem situation and 
its solution. CBR systems have shown significant promise for improving 
management decisions in problem areas that are complex, unstructured and 

















The advantages of the CBR approach are: existing data and knowledge are 
leveraged; and the system has ability to learn from experience. The more cases 
are stored, the more potential the system has to solve similar case. The general 
reasoning process of case-based system is shown in Figure 2.6. 
 
Situation or problem of each BR project is specific, and may be difficult to 
compare and identify the similarity of BR works. In this research, KBS, case 
based reasoning is not considered and only rule-based reasoning is utilized in 
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Figure 2.6 CBR process 
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2.6 DSS Trends in the Next Decade 
Decision support theory is a wide-ranging research field. A review of the 
direction of new DSS is important in understanding the research trends in this 
field. The new trend of DSS theory will be applied in this present research.  
 
The builders of traditional DSS have regularly used game theory and operations 
research; they have rarely used statistical techniques to build computer aided 
decision support systems (Zelesnikow and Nolan, 2001). Zelesnikow and Nolan 
(2001) advised that soft computing techniques could be integrated with 
symbolic techniques to provide for efficient decision making in knowledge-based 
systems.  
 
Some DSS experts forecast that the research direction of the modern decision 
support system for the next decade should be focused on the theory and 
application of soft computing in management (Beynon, et al, 2002; Bolloju, 
2002; Burstein, 2001; Carlson and Turban, 2002; Nemati, 2002; Shim, et al., 
2002). This forecasting is promising since today’s advanced, highly capable 
computer systems are inexpensive, plentiful and a powerful support to decision 
makers. The inadequacy of computing techniques is often due to difficulty of use 
and lack of user friendliness (Smith, et al., 1998; Tung and Quaddus, 2002). 
 
In the AEC domain, the automation system has been a subject of considerable 
research in recent years (Anumba and Ruikar, 2002a). Specifically, in building 
designs, some recent modern decision tools have been developed, for example, 
see Caldas and Norford (2002); Chase (2002); Dijkstra and Timmermans 
(2002); Kavakli (2001); Simondetti (2002); Wang and Duarte (2002); Yang and 
Peng (2001); and Yang, et al. (2001); etc.  
 
Although Pollack and Rees (1991) have introduced the potential for automation 
systems in the interpretation of building contracts since 1991, research in 
automation system in the construction management domain is not as extensive 
as in the building design domain. Several recent studies have been deployed in 
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AI areas, for example, see Kumaraswamy and Dissanayaka (2001); Mohamed 
and Celik (2002); Shen, et al. (2003); Tah and Carr (2002); and Zbayrak and 
Bell (2003); etc.  
 
The aim of this research is to develop a formalized and structured approach to 
the selection of subcontractors for building refurbishment projects. The selection 
process is embedded in CADSS model, which integrates database and 
knowledge-based systems (KBS). This research objective is in line with DSS 
trends in the next decade. 
2.7 Criteria for Effective CADSS 
Because of the rapidly increasing complexity and availability of large amounts of 
data for input into the decision-making process, modern organizations will 
benefit from computer-assisted decision making. The operational control has 
been supported by computer since the 1960s (Shim, et al., 2002); however, it 
remains unclear why the decision makers are still reluctant to utilize computer-
decision support systems. Beynon, et al. (2002) noted that computerized tools 
were rarely used for strategic decision-making. 
 
Smith, et al. (1998) argued that CADSS would be used only if they offer the 
benefit of improved decision-making in return for a reasonable amount of time 
and energy and with minimal frustration. Hence, the CADSS should fulfill the 
following prerequisites:  
1. Using the CADSS should be fun; so that users will actually look forward to 
using the computer to help them make decisions. 
2. It should be especially user-friendly.  
3. The user should not become frustrated while using the computer.  
4. Displays should be simple, yet meet the demands of decision making while 
providing the support that the user desires.  
5. The computer DSS should be sophisticated enough to provide even the most 
analytical users the support they expect while maintaining an intuitive 
approach for non-technical users.  
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6. This sophistication should be made transparent to the user.  
 
These prerequisites will be adopted as the basic requirements for the SSDSS 
proposed. 
 
 Chapter 3 




The development and implementation of IDSS requires an understanding of the 
domain, managerial decision-making, and associated levels of reasoning and 
problem solving (Kersten, 1999) in the selected field. This chapter presents a 
review of the literature on building refurbishment (BR) works, existing practice 
of subcontractor selection, and related topics. The chapter will also establish 
how potential subcontractors for BR projects are selected and the factors that 
influence the decision-making process.   
 
Based on the review of books, and journals, hardly any studies and/or 
publications on the selection of subcontractors for BR projects were found. This 
is not surprising; Egbu (1997) and RECC (2002) stated that the BR project 
remains one of the least understood sectors in AEC practices. The review, 
however, also found some academic publications that may be relevant to BR 
works. For the purpose of this research, the discussions of related studies were 
classified into four headings: studies on refurbishment works; studies on 
procurement systems; studies on criteria for subcontractor selection; and 
studies on subcontractor practices in Singapore.  
3.2 Studies on Refurbishment Works   
There were some earlier studies regarding refurbishment works that were 
captured in prominent publications, for instance, see Balaras (2002); Brandon 
and Ribeiro (1998); Caccavelli and Jean-Louis (2000); Egbu (1999a; 1999b; 
1998; 1997; 1994); Flourentzos and Roulet (2002); Flourentzos, et al. (2000); 
Gilleard (2002); Gustafson (2001; 2000a; 2000b); Holm (2000a; 2000b); 
Ismail, et al. (1999); Lee and Leeuwen, et al. (2000); Marosszeky (1991); Quah 
(1988); Rosenfeld and Shohet (1999); Teo (1990), etc. Among these academic 
publications, Egbu (1999a; 1999b; 1998; 1997; 1994) produced the most 
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comprehensive papers in the refurbishment field, covering skills on management 
education and training for refurbishment works in the construction industry.  
 
However, none of the above studies provide an automated decision support 
model for subcontractor selection. Although they were non-specific about the 
subcontractors for BR works, the knowledge and skills for researching BR works 
were enriched.  
3.2.1 The Nature of Building Refurbishment  
A basic characteristic of building refurbishment is that the building is not created 
anew by the project, although it may be completely refurbished. Marosszeky 
(1991) noted two important features of BR projects. First, unlike a new project, 
where the planner starts with a vacant site and sets out to define user needs, a 
refurbishment project’s starting point is a building. The second factor is that in 
most refurbishment projects, the building is tenanted.  
 
During the planning stage, the approach to design differs fundamentally 
between new-build and refurbishment projects (Highfield, 2000). New building 
design is a design-heavy process. BR design, by contrast, is an exploration-
heavy process, often requiring more time examining the actual building than in 
drafting and calculating (Leeuwen, et al., 2000). Ismail, et al. (1999) noted that 
in the majority of refurbishment projects, the work commenced on site even if 
design is incomplete. They found that 50% of refurbishment projects 
commenced work on site with only 60% of the design being complete. 
 
During the construction stage, occupancy and use of the building may continue 
during the project to a varying extent. BR often involves working on confined 
sites with restricted access (such as in inner-city areas), sometimes with 
abutting buildings in continuing operations and including cases where 
operational use of the building itself needs to continue during refurbishment. 
Access to and within the site is often restricted and can cause problems which 
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arise from shared access with other contractors, organizations, the public, the 
occupants and neighbors.  
3.2.2 BR Project Management 
Based on the nature of BR works, it is clear that refurbishment projects are 
more complex than new-build projects. These features have an effect on the 
management of BR projects in many ways, by making different demands on 
managers and the professional team than would be expected on new-build 
projects (Egbu, et al., 1998, 1999b). A classification of various aspects 
















In most BR projects, there are potentially higher levels of uncertainties than 
with a new-build project. Quah (1988) and Teo (1991) found that estimating 
and tendering for BR refurbishment projects carry a higher risk in the face of 
such uncertainties than a new-build project. The risk is primarily because clear 
specifications are important for procurement procedures, but are difficult to 
realize in a refurbishment project. Discovery of unforeseen conditions is possible 
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Figure 3.1 Classification of Refurbishment Project Management  
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for almost all of the refurbishment period, data on the building may be difficult 
to locate and may require several different types of investigations. 
  
A major difficulty is in determining the optimum scale of the works. Diagnostics 
of existing buildings are not an easy task, and will impose ill defined and 
insufficiently understood constraints on the various options and the costs of 
achieving them. In many cases, the contractors have been appointed, although 
the work specifications and/or procurement procedures are not, as yet, ready 
(Marosszeky, 1991). Quah (1989) suggested that the allocation of risks between 
contractual parties should be specifically tailored, due to the unique and 
uncertain nature of the project. 
 
Because the building may be tenanted while refurbishing, it will add to the cost 
and time of the project and can lead to many problems and uneconomical works 
(Tan, 2003; Douglass, 2000). There are likely to be greater levels of 
consultation between the client and builder in the refurbishment of an occupied 
property. 
 
The scheduling needs to be realistic because of the presence of tenants and the 
need to enable them to continue with their business (Johnstone, 2001). This 
implies that a significant amount of refurbishment works has to be undertaken 
out of normal office hours, thereby extending the duration of the project. 
 
Interaction between the old buildings, temporary works, existing services, and 
new construction will affect unique construction methods. Planning and 
programming throughout most of the refurbishment period are required, as will 
interaction with neighboring assets, processes, activities and people.  
 
These difficulties can be reduced through appropriate selection of contract 
strategies. Cognizance must be taken of the subtle differences between 
refurbishment and a new-build project. The client/tenants need to have a 
continuous and intimate involvement with the projects. Because the building 
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already exists, the client/tenants will have a greater understanding of the 
building’s attributes (Douglas, 2002; Egbu, et al 1998). CIRIA (1994) suggested 
that because of the knowledge and skills of specialist contractors and 
subcontractors, during a refurbishment project, they should be engaged at an 
early stage such that they can contribute to the planning stage.  
 
CIRIA (1994) suggested typical management responses regarding the nature of 
building refurbishment projects: exhaustive preparation; extremely detailed 
programs and resource lists; extensive communication of the plans and 
progress; realistic contingencies in plans, programs and resources; and 
organizing to allow quick reactive management responses. To ensure efficiency 
in project control on refurbishment works, Egbu, et al. (1998) suggested:  
1. Better and/or more extensive management control, since the problems to be 
overcome can be more unexpected, frequent and pervasive.  
2. Rapid decision-making and communication.  
 
These suggestions have consequences regarding the selection of planning and 
control techniques, combinations of project organizations, types of contracts, 
forms of contracts, contractor/subcontractor selection procedure and so forth. 
3.3 Studies on Procurement Systems  
All procurement systems have the same goals; they want a project more or less 
at a reasonable cost and quality, within a reasonable time and with reasonable 
security (Wangemann, 2001). The tendering system aims to achieve this goal by 
ensuring the simultaneous selection of an appropriate subcontractor to deliver 
the project, the mechanism for delivery, the price to pay and the legal 
framework. The only difference then between procurers is in the strategic choice 
of subsystem components. It is expected therefore that the criteria involved will 
be consistent across all procurers, with only the emphasis changing between 
procurers and projects according to the strategies employed. 
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Mohsini and Davidson (1991) found that building procurement is the key to 
improved performance. Smith and Dancaster (2000) also noted that choosing a 
strategy for the selection process significantly impacts the main contractor-
subcontractor relationship. Currently, there are tendencies shifting from price 
being the only criterion (low bid procurement) to multiple performance criteria 
or performance-based system (Kashiwagi and Byfield, 2002; Kumaraswamy, 
2000). Therefore, it assumes that any strategy is applied to meet the best 
subcontractor needed.  
 
Generally, contractual relationships between contractor and subcontractors can 
be divided into three categories, namely nominated, domestic, and named 
subcontractors. A subcontractor may be selected by conventional bills of 
quantities approach in two ways: (1) by competitive bidding, (2) by negotiation, 
or by partnering (alliance-relationship). Nominated and named subcontractors 
are usually selected through competitive bidding, and domestic subcontractors 
are selected either through the competitive way or by other approaches (CIB, 
1997). These approaches may be elaborated into three categories, such as one-
stage, two-stage, and negotiation approaches (Aqua Group, 1999; Rougvie, 
1987). In the one-stage approach, tender documents are sent to a suitable 
number of subcontractors, who must price all items of work identified by the 
design team (Cox and Townsend, 1998). 
 
The one-stage approach may be inappropriate for refurbishment works where 
there are so many uncertainties and opportunities for extra claims inherent in 
the works. The cooperative climate suggested for refurbishment works may not 
be created, and the lowest tender price will not necessarily mean lowest 
eventual total cost.  
 
In practice, if the two-stage approach is utilized, the first stage is called pre-
qualification. There are two techniques commonly utilized in pre-qualification 




Contractors are pre-qualified by calculating the maximum capability of each 
contractor. Maximum capability is defined as the maximum amount of 
uncompleted work (in progress) that the contractor can have at any one time. 
For example, in the case of the government’s projects in Indonesia, to 
determine the maximum allowable works volume for a given contractor during 
the pre-qualification process, the applicant’s net current assets from a current 
financial statement are multiplied by 10. The work volume obtained in this 
manner is also regarded as the “maximum financial capacity”. Then, final ratings 
are determined by modification of the financial capacity (Dulung, 1991). 
However, this approach has a limitation in that the good subcontractor may be 
rejected in the first screening. The judgment procedure may be influenced by 
biases of the decision makers. These procedures can lead to incorrect decisions 
due to the lack of a rational or systematic approach. 
Subjective Judgment 
In some instances, individuals performing the pre-qualification base their 
decision on subjective judgment and experience, and not on a structured 
approach. However, judgment may be influenced by biases of the decision 
maker such as previous experience with the candidate’s work (Russell, 1988; 
Lee, 1997). 
 
Both the pre-qualification formula and subjective judgment can become valuable 
methods for selection tasks if they are supported by a systematic approach. 
Otherwise, decision-making is only based on an unstructured and intuitive 
manner.  
 
The two-stage approach seems ideal for a normal situation, where adequate 
information or time is available for the tender process. However, if a contractor 
is given insufficient information and time for the preparation of tenders, such as 
in the BR situation, the effectiveness of this approach will suffer.  
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The negotiation approach means the client develops a tender price by discussion 
with a candidate (or in some occasions, a small number of subcontractors 
without formal competition). The main advantage of the negotiation method is 
that the subcontractor is generally selected on the basis of a good track record 
doing the type of work required for the particular project. However, the 
negotiation seems informal with no standard processes, and it is also time 
consuming to arrive at a decision. The spirit of healthy competitive practices 
should be one aspect in the selection process.  
 
Other alternative procurement strategies, i.e. management-based methods, 
such as order and specification, cost reimbursement and fee, target cost, etc, 
are not included in the discussion for several reasons. In the application of these 
strategies, research has found that there is likely to be a problem with post-
contract administration and cost control, and doubts whether the resulting bills 
of quantities could be used for management purposes (Aqua Group, 1999). 
 
The conventional bill of quantities approach is more popular than other methods. 
Approximately 50% of the current capital construction programs in the UK are 
still procured in the conventional way (Kumaraswamy and Walker, 1999). In 
Singapore, construction procurement also follows mostly the conventional 
procurement method (Ofori and Debrah, 1998). Another survey revealed that 
the lack of knowledge and expertise of contractors in the organization of non-
conventional methods stopped them from attempting to experiment with the 
non-conventional approach (CIRIA, 1994). 
 
Based on these reasons and the nature of the BR project, the conventional 
tendering approach seems inappropriately used in the selection of 
subcontractors for the BR project. However, the market consists of an adequate 
number of subcontractors to be selected. Currently, there are 4,000 
subcontractors in Singapore, with 1,200 of them registered under eight different 
trades associations (Guevarra, 2003). It is virtually impossible to select from 
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these large numbers of subcontractors by conventional or simple judgment 
techniques; hence, the formal decision techniques are needed.  
 
The two-stage approach seems appropriate to BR projects. However, the 
process of two-stage tender will require more time for preparing, mailing, 
opening, and evaluating bids than the one-stage approach. Indeed, the time for 
tender preparation in subcontractor selection for BR projects is very short, so 
much so that the tender procedure may take place informally.  
 
CIRIA (1994) suggested that any procedures applied should be carried out in the 
same spirit of good competitive practice although specific procedures will vary. 
The appropriate procurement system for selecting subcontractors in BR projects 
is discussed in Chapter 5. 
3.4 Studies on Criteria for Subcontractor Selection   
There are several publications relating to “subcontractor selection for general 
construction project”, and “purchasing supply management” that may be 
relevant for the selection of BR subcontractors. These have proposed some 
criteria to select subcontractors or suppliers, but none of them concerned the 
construction industry in Singapore. Indeed, the location is a significant aspect, 
because the criteria used in decision-making can depend on many associated 
aspects (Rowlinson, 1999) such as characteristics of the project, site location, 
organization’s objectives, etc.  
3.4.1 Decision Criteria for General Subcontractor Selection 
Relevant publications on the selection of subcontractors/suppliers were found 
and reviewed.  
 
Tseng and Lin (2002) in Taiwan proposed a web-based DSS to help contractors 
select proper subcontractors. The selection model utilized three main criteria, 
namely:  
1. Expected return.  
2. Planned performance dispersion.  
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3. Comprehensive risk (including tender price and duration). 
 
PCCB (2002) in Hong Kong suggested that the tender assessment criteria should 
aim at promoting healthy competition by placing suitable weights on price, past 
performance and quality. The following criteria may be used in tender evaluation 
of subcontractors: 
1. Previous experience on jobs of similar nature. 
2. Adequacy and professional competence of key management and supervisory 
staff.  
3. Availability of capital and labor resources to undertake the subcontract on top 
of other on-going commitments. 
4. Quality of technical proposal with particular reference to compliance with 
tender requirements.  
5. Track record of past performance. 
6. Price and payment terms. 
 
Andrews (2000) and CIB (1997) in the UK have suggested several criteria for 
selection of subcontractors for general construction projects. Andrews (2000) 
suggested that factors affecting the choice of subcontractors could include: 
1. Competitive price  
2. Reliability  
3. Quality of work  
4. Speed of completion  
5. Experience.  
 
Likewise, the CIB (1997) added the following criteria for assessing the 
subcontractor:  
1. Quality of work  
2. Performance record  
3. Overall competence  
4. Health and safety record  
5. Financial stability  
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6. Appropriate insurance coverage  
7. Size and resources  
8. Technical capability 
9. Organization ability.  
 
In the area of “purchasing and supply management”, several studies on supplier 
selection were also carried out, such as Dzever, et al. (2001); Erridge (1995); 
Humpreys, et al. (2003); Leenders and Fearon (2002); Pooler and Pooler 
(1997); and Vokurka, et al. (1996). They suggested the following criteria for 
selecting suppliers:    
1. Competitive price 
2. Total cost reduction 
3. Quality standard 
4. Delivery time 
5. Geographical location 
6. Method of payment 
7. Term of payment 
8. History 
9. Facility and technical strength 
10. Financial status. 
11. Organizations and management 
12. Reputation 
13. Procedure compliance 
14. Labor relation. 
 
These studies have proposed the decision criteria for selection of general 
subcontractors/suppliers not specifically for BR subcontractor. Other gaps, their 
criteria were incomplete, and not supported by any explanation of logical 
relationships. Furthermore, they did not propose any automated decision 
support system.  
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Only Tseng and Lin (2002) have proposed an automated model for selecting 
subcontractors through a web-based (E-commerce) facility. However, this model 
may be difficult to apply, because the participants (subcontractors) have to 
provide basic requirements of IT application. In fact, IT application is relatively 
slow in the construction industry (Love, et al., 2000; 2001). The evidence in 
practice is that computers are not heavily used in the construction industry 
(CIRIA, 1994; Stewart and Sherif, 2001), especially by small subcontractors 
(Ng, et al., 2001).   
3.4.2 Decision Criteria for BR Subcontractor Selection     
As mentioned earlier, although there were some studies on the selection of 
subcontractors for general construction projects, there were hardly any 
publications on BR subcontractor selection. Only Okoroh (1992) carried out a 
study on the selection of refurbishment subcontractors in the UK. The study has 
proposed the following selection criteria: 
1. Competitive bids 
2. Geographical area  
3. Work design experience  
4. Safety policy  
5. Site meeting  
6. Quality of workmanship  
7. Trade reference  
8. Technical competence  
9. Work program implementation  
10. Contact address  
11. Relationship  
12. Honesty and reliability 
13. Financial strength 






Despite the proposed criteria above, the study has several limitations: 
Little attention in Theoretical Foundation    
The theoretical framework of the earlier study was more focused on the process 
of knowledge acquisition (KA) for the model than the theoretical background of 
the criteria. The criteria and the hierarchy proposed were captured through 
empirical study, and gave little attention to explain the logical relationships of 
the criteria.   
Critics for Repertory Grid Analysis  
The knowledge of the earlier study was captured from multi domain experts, and 
its criteria hierarchy was developed through the repertory grids analysis (RGA). 
This method, derived from psychology, use an approach called the classification 
interview (Turban and Aronson, 2001). RGA is a way of producing a person’s 
mental map on some topics. This approach was widely recognized as a way of 
getting access to the subjective meanings individuals attach to their work (Kelly, 
1969). However, Tzafestas and Tzafestas (1997) observed that the repertory 
grid approach is more suitable for modeling an individual than averaging a 
statistical comparison across several experts. Boose (1986) also criticized that 
the repertory grid is limited in application to declarative types of knowledge. 
Procedural, strategic, and causal knowledge is difficult to represent with this 
technique. Furthermore, Nwana, et al. (1994) noted that the biggest problem of 
the method was that it can elicit only simple classification from the experts and 
it has difficulty in expressing causal, procedural and strategic knowledge. The 
classification associations produced were also frequently spurious.    
Complex Calculation  
The earlier study utilized a fuzzy-set to analyze the rank weight of the criteria. 
Although Fuzzy-set analysis has been employed in numerous research areas and 
is popular among scientists, Buede and Maxwell (1995) argued that Fuzzy-set 
causes rank disagreements and produce a less consistent result. Ling (1998) 
also criticized that Fuzzy-set involves complex mathematical calculations and 
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does not have a unique method to derive importance weights. Lastly, the 
complexity of the Fuzzy-set will hinder the main contractors from applying the 
model produced, since the end-users (non-scientists) may be reluctant to utilize 
a complicated mathematical model. 
Inflexible ES Shell 
The earlier model did not develop the ES shell specifically. In fact, the process of 
selecting the right ES shell for particular application is often a very difficult task 
because the technical terms are not always used consistently; most of the ES 
shells in the market are very different both in terms of their internal structures 
and of the kind of applications for which they were intended; most of them were 
built to handle restricted problem areas and may not be flexible in other 
problem domains (Stylianou, et al., 1995). Therefore, the ideal way to find an 
appropriate ES shell is to build the shell specifically for the system. However, 
this approach would require the knowledge engineers to have skills in soft 
computer languages.    
Poor User Interface 
The earlier model was constructed using computer programs in the 1990s, when 
advanced software available was limited; the model was developed based on the 
DOS operating system. The weaknesses of this operating system are complex 
coding and time-consuming model development, and poor user interface 
because of DOS limitations. Currently, in the new generation of computers, this 
operating system is no longer used. 
3.5 Subcontract Practices in Singapore  
The literature review found that it was relatively difficult to find any academic 
publications on subcontract practices, and particularly, studies regarding the 
selection of subcontractors for BR works in Singapore.  
 
For the construction industry in Singapore, the practice of procurement follows 
predominantly the conventional procurement approach, with a main contractor 
responsible for undertaking the works (Ofori and Debrah, 1998). Most of the 
tradesmen and workers are employed directly by the trade subcontractor or 
 56
“kepala” (Lee, 1997). The main contractor subcontracts nearly all the labor and 
trade requirements. Consequently, this situation does not encourage main 
contractors to provide direct employment to construction workers.  
 
In Singapore, the types of subcontracts can be divided into three categories, 
namely materials suppliers, labor only subcontractors or “kepalas”, and 
subcontractors who supply both materials and labor. Within categories, 
subcontractors can be divided further into nominated or domestic according to 
their ways of engagement. Nominated subcontractors are usually employed in 
trades where a large portion of their work requires special machinery and plant, 
for example, excavation, piling, electrical engineering installation, etc. (Ofori and 
Debrah, 1998; Loh, 1998). Domestic subcontractors are commonly engaged in 
labor-intensive trades, such as formwork, roofing, brickwork, tiling, painting and 
landscaping, which are labor intensive.  
 
According to the main contract conditions of the Singapore Institute of 
Architects, Article 15(2) (SIA, 1999), the main contractor has a right to engage 
domestic subcontractors. The domestic subcontractors should be engaged with 
the written consent of the architect. In practice, however, architects do not 
usually withhold their consent and the main contractors seldom seek such 
approval (Loh, 1998). If the selection of domestic subcontractors was carried 
out informally, and without supervision of the client representative or architects, 
the main contractor may select inappropriate subcontractors, and the SSDSS, 
therefore, becomes more desirable.  
3.6 Knowledge Gaps 
Competitive pressures make the job of decision-making in subcontractor 
selection difficult. Competition is not merely based on cost, but also on quality, 
timeliness, customization of products, and customer support. Selecting 
subcontractors for a BR project is characterized by nonlinear and complex tasks, 
uncertain situations, technical and non-technical information considerations, and 
the need for both qualitative and quantitative techniques. On the other hand, 
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the human mind has limitations in its ability to process and store a lot of 
information. People may have difficulties in recalling information in an error free 
fashion when it is needed. Hence, decision support tools for the future should be 
based on principles of automation systems that can be effectively used in the 
early stages of BR works. 
 
The literature review (Chapters 2 and 3) found that: (1) there are many studies 
on KBS, but few KBS applications in the project management domain; and (2) 
although there were several articles on subcontractor selection, there was no 
previous study on selecting subcontractors for refurbishment projects, except 
one study (Okoroh, 1992) that was carried out in the UK.  
 
Despite the review of literature that revealed the existence of various KBS 
studies, criteria, information, and tender methods, many gaps still remain. 
These gaps may be grouped under four subsections, namely (1) computer 
model, (2) subcontractor organization, (3) subcontractor selection procedure, 
and (4) decision criteria for subcontractor selection.  
3.6.1 Computer Model 
The concept of the modern DSS approach has been applied to research in the 
AEC sector, especially for building design (Hew and Awbi, 2001; Konoglu and 
Arditi, 2001; Reed and Gordon, 2000). However, automation system research in 
the construction management domain is not as extensive as research in building 
design. Very few CADSS have been developed in the construction management 
field, such as for procurement systems. In practice, although selecting 
subcontractors is characterized by nonlinear and complex tasks, the task is 
mostly decided by judgment (Holt, 1995; Russell, 1992). Therefore, the CADSS 
approach is needed in the construction management field to aid the tedious, but 
significant, decision-making processes. 
 
Much conventional computer software exists were built to handle restricted 
problem areas and may not flexible for other problem domains. Park (2003) and 
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Rowlinson (1999) criticize that one of the problems with conventional computer-
based systems and most common KBS are that they often appear to work as 
“black boxes”, and the logic behind the advice given is not readily apparent. The 
users cannot partially replace rules to control the decision making process. This 
approach would be extremely difficult to maintain because the whole knowledge 
base has to re-program to adapt even for a slight change.    
3.6.2 Subcontractor Organization 
The BR contractors and subcontractors have strong unions in the UK or 
European countries (Egbu, 1998; Ismail, et al., 1999; Okoroh, 1992). One of the 
advantages of this situation is that the main contractor may find it easier to 
award the contract to a potential subcontractor. Strong unions will encourage 
skills and organizational improvement. On the other hand, in Singapore, there is 
no clear organized and systematic production sector in the construction industry 
like in the UK (Lee, 1997).  
 
Lee (1997) criticized the loose subcontract practices used in Singapore and the 
various informal arrangements made. Although there is a category of building 
renovation and retrofitting under the BCA’s contractor directory, this 
classification only covers the contractors for any upgrading works that do not 
involve building structure alteration (BCA, 2003). It also covers mostly 
contractors for cleaning and painting works; the general building contractors still 
dominate large refurbishment projects in Singapore.      
 
A substantial proportion of the work on any project is actually carried out by the 
trade subcontractors, leaving the main contractor the task of overall 
management and control. In some smaller projects, the main contractor may 
directly employ workers to carry out the works. Most of the trade subcontractors 
are, therefore, an important contributor in the construction industry. However, 
the subcontractors’ arrangements in Singapore make it nearly impossible to 
identify the real employers of construction workers due to the pools of workers 
shared among sites and “kepalas” (Lee, 1997). These pools of labor, the 
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employers and workers, are often not identified. They are disorganized and 
many are “fly-by-night” operations. These situations place the main contractor 
in a difficult position. They, especially in a tight labor market, often have little 
choice to select the subcontractors available.   
 
In order to overcome these problems, the Singapore Contractors’ Association 
Limited (SCAL) founded the Singapore List of Trade Subcontractors (SLOTS) in 
1992. The SLOTS idea was directed at the welfare of workers, work productivity 
and improving the subcontractor quality. However, this scheme does not appear 
effective yet because: (1) some subcontractors were reluctant to register. 
Proper organization means they will have to pay higher wages and proper 
welfare benefits to all workers that consequently lead to higher quotes to main 
contractors. (2) Subcontractors are currently still able to obtain jobs even if they 
do not join SLOTS. Only government institutions have so far implemented 
SLOTS membership as a requirement in their contracts (Loh, 1998).   
3.6.3 Subcontractor Selection Procedure  
Assessing potential subcontractors for their general skills and performance is an 
important part of any selection process. In general, three selection procedures 
exist, the one-stage, two-stage, and negotiation approaches. The selection of 
general subcontractors is carried out mostly through conventional tender in the 
one-stage approach. However, this is not a suitable tender procedure for BR 
subcontractors. The two-stage approach may be appropriate for BR projects, but 
it has some limitations and cannot be applied for the straightforward selection of 
BR subcontractors. For example, the method cannot be applied when the time 
for selection is limited; indeed, this is one of the characteristics of BR works.    
 
Subcontractor selection is a strategic decision. However, in practice, this process 
is often decided by the middle level staff, such as the estimators. If there is no 
guidance in making decisions, the decision may not be the best decision for the 
company because the policy and strategic plan of the company may not be 
considered in the decision.  
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 Without automation tools, it is difficult for the main contractor to make decisions 
accurately and consistently. The main contractor may face difficulties in 
conveying the detailed processes of decision-making for the selection of 
subcontractors because apart from price, their decisions may be based solely on 
their judgments and past experience. Because of this condition, the main 
contractor may make mistakes when coming to their decisions. 
3.6.4 Decision Criteria for Selecting Subcontractors   
The review on decision criteria for selecting subcontractors has excerpted the 
numbers of criteria commonly used in subcontractor selection. The sources 
(authors) and the common criteria used in subcontractor selection are 
summarized in Table 3.1.  
 
Although the review of the literature revealed the existence of various criteria 
for selecting subcontractors, there is no consensus yet on a common set of and 
weighting for the decision criteria; the main contractors mostly do not have 
acceptable decision-making methods to differentiate the high performers and 
the low performers. This is not surprising. Skitmore (1989) concluded that 
decision models are not popular in the construction industry.  
 
The review also found that hardly any earlier studies have presented the logical 
relationships between the criteria. These previous studies proposed criteria 
based only on empirical work, but they paid less attention to a theoretical 
framework that extracts the hierarchy and relationship of the criteria. The 
empirical model is firmly based on statistical analysis of survey results. A 
problem with this approach is that although the statistical analysis may give an 
indication of what is current practice, it does not necessarily indicate good 
practice (Rowlinson, 1999). Another major conceptual limitation is that one can 
only ascertain relationships, but never be sure about underlying causal 
mechanism (Stat-Soft Inc., 2003). 
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 Table 3.1 Criteria for selecting subcontractors 
Authors Key Criteria Focus on 
Lin (2002) 1) Expected return, 2) Planned performance 
dispersion, 3) Comprehensive risk (including tender 
price and duration). 
 
Selection of general 
Subcontractor for 
E-commerce 
Andrews (2000) 1) Price, 2) Reliability, 3) Quality of work, 4) Speed 
of completion, 5) Experience 
 
Selection of general 
Subcontractors  
CIB (1997) Pre-qualification: 
1) Quality of work, 2) Performance record, 3) 
Overall competence, 4) Health and safety record, 5) 
Financial stability, 6) Appropriate insurance 
coverage, 7) Size and resources, 8) Technical and 
organization ability, 9) Tender Price 
 
Selection of general 
Subcontractors 
Okoroh (1992) 1) Competitive bids, 2) Geographical area, 3) Work 
design experience, 4) Safety policy, 5) Site meeting, 
6) Quality of workmanship, 7) Trade reference, 
8)Technical competence, 8) Work program 
implementation, 9) Contact address, 10) 
Relationship, 11) Honesty and reliability, 12) 
Financial strength. 
 




The earlier studies adopted criteria that were derived from questionnaire 
surveys and these surveys dealt with responses from a range of respondents 
within the construction industry. Such studies were very much country-
dependent and depend on the particular time at which they were developed 
(Rowlinson, 1999); what was acceptable in terms of criteria and performance in 
the UK in 1990 might be totally irrelevant to circumstances in Singapore in 2003 
when this present study commenced the fieldwork. These findings are not 
surprising. Altink, et al. (1997) criticized that most studies paid attention to 
idiosyncratic criteria and less attention was paid to the way in which criteria 
were actually derived and developed. 
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These knowledge gaps not only justify the need for some revision to existing 
practices but more-over, the remedial measures advocated will help serve as a 
basic design of the selection method proposed. The model proposed should 
appropriately be applied to assist decision makers in the Singapore 
environment. The important component of the model proposed is a set of 
decision-making techniques that can help balance criteria/objectives with a 
range of solution alternatives. The result of the present research is expected to 
develop a CADSS for selecting subcontractors for a building refurbishment 
contract that integrates database and knowledge-based systems (KBS). This 
major aim is in line with current trends regarding both the DSS and AEC areas. 
 
Since there is no information concerning the selection process of subcontractors 
for BR works in Singapore, the knowledge will be captured through interviewing 
and sending questionnaires to the experts from the construction industry in 








This Chapter describes the overall research strategy and the techniques adopted 
for data collection, analysis, and development and validation of the model 
developed.   
 
As shown in the previous chapters, hardly any studies have systematically 
analyzed the issue of subcontractor selection for BR projects. Consequently, 
there is no well-defined methodology for guiding this research. Thus, the 
methodological challenges are to establish a methodology for this research, and 
moulding that methodology into a viable method given the constraints that exist 
in data collection and analysis.  
       
In the following sections, the research methods applied in this present study are 
presented. In the first section, the research strategy, and outlines of the 
research method are described. The next sections explain the components of 
each research stage.    
4.2 Research Strategy 
The aim of the research is to develop an IDSS, which is called the subcontractor 
selection decision support system (SSDSS). The research methods used were 
selected according to the type of research and information needed (Fellows and 
Liu, 1997; Marakas, 1999). This research is a development type model that 
involves making assumptions and conceptualization of the problems and its 
abstraction to quantitative and/or qualitative forms that would reflect the reality.  
 
For modeling purposes, an analytical framework was constructed by reviewing 
the literature and knowledge of current subcontractor selection for BR projects. 
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The knowledge was collected from an AEC industry survey through interviews 
and postal questionnaires. The procedures in gathering and analyzing data, and 
developing the model referred to a systematical development of the DSS 
modeling process. A hierarchy of research and development (R&D) project 
procedures, which was proposed by Bock (2001) and Korman (2001), was 
adapted in this research. The research strategy consists of three main stages:  
1. Knowledge acquisition 
2. Criteria examination, and  
3. Model development and validation.  
The three stages for this research strategy are illustrated in Figure 4.1. 
 
This research concerned the collection of general data and information regarding 
selection of subcontractors for BR projects. In data collection, three fieldworks 
were carried out, i.e. interviewing the experts, posting questionnaires to the 
main contractors, and applying and validating the model. Application is focused 
primarily in Singapore where the case study is located. This is supplemented by 
a thorough investigation of the different approaches adopted by main 
contractors in managing BR subcontractors. The SSDSS was applied and 
validated to measure the robustness and effectiveness of the model.  
4.2.1 First Stage: Knowledge Acquisition 
The first stage began with the formulation of research questions, objectives, 
significance, scope, and limitations. This stage clarified research ideas and 
defined the parameters of the research. Subsequently, knowledge acquisition 
was carried out where knowledge from documented sources and experts was 
extracted.  
 
Knowledge can be collected from many sources (Turban and Aronson, 2001; 
Sriram, 1997). In this research, two knowledge sources are used, namely 
academic literature and domain experts (DEs), which were elicited through 
literature review and interviews with domain experts. The main work of the 
literature review has been done and discussed in Chapter 2 and 3. 
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Articulate research problems, 
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Through academic literature, the features of building refurbishment, decision 
theory, and computer science, with specific reference to AI, the concept of this 
study was reviewed. Relevant studies were also evaluated to identify factors 
considered in subcontractor selection. The theoretical framework for the model 
was based on concepts from supply-chain management, human resource 
management, organizational behavior, and personnel selection. The outcomes of 
the literature review were analyzed systematically, and the knowledge gaps 
were identified. Subsequent to this stage, the statements of research problems 
were generated. 
 
In this stage, the first fieldwork was carried out. The purpose of the first 
fieldwork was to capture knowledge, and to identify significant factors and a 
structure that main contractors should consider in selecting the reliable 
subcontractors for BR projects in Singapore. The knowledge or expertise was 
captured from DEs through personal interviews. The method of interview is 
discussed in Section 4.4.1.  
 
The DEs were individuals selected from chief contractors’ staff who have 
experience in managing subcontractor selection for BR projects. The number and 
quality of the domain experts is critical for the success of KBS implementation. 
Determining the DEs used followed the recommendations suggested by 
Medsker, et al. (1995); Prerau (1990); Puuronen and Terziyan (1999); Yoon and 
Guimaraes (1995), etc. 
 
In this present research, multiple experts were interviewed individually as 
primary and secondary experts. This is similar to the Delphi method where the 
DEs do not necessarily meet each other but allow for a consensus viewpoint. 
More detail concerning this topic is discussed in the Detail of Knowledge 
Acquisition and Computer Techniques (Appendix 1).   
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4.2.2 Second Stage: Criteria Examination  
The second stage was to check for the admissibility of criteria that main 
contractors should consider when deciding which subcontractors to select for BR 
projects. Since more than one DE was involved, there may be some 
disagreements, especially in weighting criteria. Therefore, the consensus and 
aggregation of the knowledge had to be made. This was conducted by posting 
questionnaires to BR contractors in Singapore. This was the second fieldwork 
that would examine the factors identified and their relative importance. The 
questionnaire is discussed in Section 4.4.2. 
 
Before the questionnaires were posted, a pilot survey was conducted to confirm 
the severity of the problems identified, and to check whether the questionnaire 
contained all the criteria viewed as important features for subcontractor 
selection. The feedback from this pilot survey was used to refine the 
questionnaire. 
 
Once confidence had been gained through the pilot questionnaires, these were 
sent to BR contractors. The sampling frame for main contractors was through 
personal contacts and building owners, such as NUS Office of Estate and 
Development (OED), Singapore Polytechnic, Ministry of Education, quantity 
surveying companies, etc.  
 
The directory of contractors published by the Singapore Contactors’ Association 
Limited (SCAL) was also a good source for identifying respondents; the 
contractors’ names, addresses, key officers, recent and major past projects were 
stated in this directory (SCAL, 2003). Other sources for respondents were 
chosen from the “BCA Directory of Registered Contractors”. Based on the 
discussion with the BCA staff, the contractors who had experience in BR projects 
could be traced from their work-head classification in the BCA contractor 
directory. Companies under both the “General Building” and “Renovations and 
Redecorations” work-heads are good indicators that the companies are ready for 
BR works and they may have experience in BR projects.  
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After the questionnaires were returned, they were edited, coded into a 
computer, and analyzed for significant factors using the Statistical Package for 
Social Sciences (SPSS). The significant factors identified from the analysis 
formed part of the knowledge and database of the SSDSS. 
 
In order to determine the ranking of the weighting criteria, it was necessary to 
check and calculate the mean important rating of the decision criteria. The 
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where: 
Wh is the weight attributes h;  
h is the attribute reference, and there are m number of attributes under one 
criterion.  









++++=  …………..(4.2) 
where: 
h  : is the attribute reference, 
ah : is the mean importance rating attribute h, and 
n1, n2, n3, n4, and n5 are the number of respondents who indicated on the five-
point Likert scale, the level of importance as 1, 2, 3, 4, and 5 respectively for 
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attribute h, where 1 represent “very unimportant”, 2 for “unimportant”, 3 for 
“good to have”, 4 for “important”, and 5 for “very important”. 
4.2.3 Third Stage: Model Development and Validation 
The third stage was to develop, apply, and validate the model. The SSDSS was 
developed using intelligent systems, which consist of an automated DSS using 
the hybrid model (combination of mathematical model, rule-based, and case-
based reasoning) in a KBS package. Management of KBS was to encode the 
heuristics knowledge. Some aspects of this topic have been discussed in Chapter 
2 (Literature review).  
 
For application and validation of the model, a hypothetical but realistic selection 
scenario regarding the selection of subcontractors was applied to explain the 
model comprehensively. This work example was also used for the model 
validation. In this stage, the third fieldwork was carried out. The experts were 
asked to try out the SSDSS and fill in the feedback form.  
 
Validation is defined as the assurance that the built model was appropriate to 
solve real-world problems in the same way as the experts involved in its 
creation would do and the end users would expect. A rigorous validation process 
is essential to ensure that the KBS developed the intended performance. A 
poorly validated system may make poor decisions that can lead to a loss of 
confidence in the expert system, resulting in discontinued use and financial loss. 
 
Several different approaches have been used to validate a particular KBS, such 
as those suggested by Hopkin, (1992); Juan, et al. (1999); O’Leary (1993); 
Ram and Ram (1996); and Rey and Bonillo (2000). Basically, validation falls into 
two broad categories: (1) informal, and (2) formal validation. 
 
Informal validation is a long-term feedback process, which oscillates between 
DE, knowledge engineer (KE) and the target user. This project begins at project 
initiation and continues throughout software development. Formal validation 
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usually begins once a prototype, which is thought to meet design objectives, has 
been developed. This research adopted the formal validation approach. This 
topic will be discussed intensively in Chapter 8. After the validation step, the 
appropriate SSDSS was refined and concluded.    
 
The knowledge-based engineering process including method of knowledge 

















THEORETICAL FRAMEWORK FOR SSDSS  
 
5.1 Introduction 
In deductive research, an appropriate theory provides the framework for the research. 
The adopted theory provides the basic structural framework to identify and explain the 
factors, variables and relationships among them (Fellows and Liu, 1997).  
 
In this chapter, an attempt is made to explore the extent to which the decision-making 
system can be justified in theoretical terms. The exploration of the quality of theoretical 
justification and a detailed assessment of the criteria and subcontractor selection 
methods are the basic theoretical framework for the discussion of the problems.  
 
The theoretical framework will be discussed in the following order: (1) reviewing the 
factors influencing the success of BR projects; (2) formulating the mapping of these 
factors; (3) discussing each criterion and its attributes; (4) formulating a methodology 
for selecting subcontractors for BR projects. After generating the appropriate selection 
procedure and the hierarchy of factors, criteria and questions were summarized to 
gather information for the model input.   
5.2 Factors Influencing Success of BR Projects  
In developing the theoretical framework of decision criteria for selecting subcontractors 
for BR projects, it is necessary to review the critical factors influencing the success of BR 
projects.  
 
CIRIA (1994) suggested that some of the key issues that should be considered carefully 
in handling BR projects are:  
Client involvement  
In a BR project, it is not sufficient to brief an architect and leave him to get on with it. 
The client needs to have a continuous and intimate involvement with the project, 




Refurbishment work requires a close collaboration and a sympathetic relationship 
between the parties, the employers, architects, contractors, and subcontractors. In most 
cases, it is extremely difficult to define the exact scope of the work in advance, and 
because the traditional type of contract involves a general contractor appointed by 
competitive lump-sum tender, it is unlikely to be satisfactory.  
Client’s representative  
To avoid chaos, it is essential for the client to appoint a single person as his 
representative through whom all communications with those undertaking the project 
should flow.  
Authority and communications  
Definite and clear lines of communication and authority are important, and for the 
simplest projects, it is advisable to appoint someone, either in-house or externally, with 
total responsibility to manage the whole project including design, programming, cost 
control and construction.  
Building diagnostics  
The purpose of the action is to find out the existing conditions of the building. A 
fundamental characteristic, which distinguishes refurbishment from new-build, is that 
there is an existing asset, and finding out what is already there, is a major task. Even if 
original drawings and specifications are still available, it is quite likely that substantial 
changes and renewals have been undertaken during the building’s life. A preliminary 
investigation of the structure and sub-structure should always be made to minimize 
unpleasant surprises, which will occur once the work actually starts. The primary 
question is who will do this investigation, designer, contractor, or subcontractor? 
Construction team 
Although design and construction are dealt with as separate tasks for presentation 
purposes in refurbishment projects, they must be interactive and should be considered 
together. Early involvement of the construction team with the design team should be 
encouraged. 
 
From these issues, it can be concluded that the smooth relationships among all the 
parties is crucial in the BR project. Collaboration between all parties, with confidence 
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shared, must be the mainspring for the project, and over-mechanistic or adversarial 
approaches are a certain recipe for failure. This will strongly affect the methods of 
procurement and contract relationships that are used, but the most important aspects 
are the attitudes, experience, and capability for cooperation of all people involved.   
5.3 Selection Criteria  
According to HRM literature, in selected cases, “criteria” are used to define how the 
candidate should fulfill and perform in a certain job. Criteria may sometimes concern 
tasks, competencies, behaviors or capacities and personality requirements (Altink, et al., 
1997). Criteria play a double role that formulates in a specific manner what individuals 
have to do; they also give standards with which we can evaluate whether these goals 
have been achieved.  
 
  Table 5.1 Criteria for Selecting Subcontractors 
Criteria Authors 
1. Competitive bids; Price 
2. Quality of workmanship 
Lin (2002); Okoroh (1992); CIB (1997); Andrews 
(2000);  
3. Work experience Okoroh (1992); Andrews (2000) 
4. Time to complete Andrews (2000) 
5. Technical proposal Okoroh (1992); CIB (1997); Lin (2002) 
6. Reputation, Track record 
7. Relationship 
8. Financial stability 
Okoroh (1992); CIB (1997) 
9. Time to submit the quotation Okoroh (1992) 
10. Geographical area 
11. Safety policy 
Okoroh (1992); CIB (1997) 
12. Honesty and reliability Okoroh (1992); Andrew (2000) 




16. Site meeting 
17. Contact address 
18. Work program 
Okoroh (1992) 
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Criteria are the foundation for procedures of selection. The requirements of a set of 
criteria are: they should be relevant (cover jobs and tasks), be clear to indicate the 
performance of management, and be adequately measurable (reliable, valid and 
acceptable). However, formulating adequate criteria in an unambiguous way can be a 
difficult task. Akkerman (1989) criticized that most researchers considered that a 
formulation of those criteria that can be measured is more important than those criteria 
that should be measured. 
 
In subcontractor selection, the main contractor has to use selection criteria that relate to 
project requirements and his decision strategy. A central feature of selection criteria can 
be transformed into observable characteristics, skills, and habits of the candidates. The 
selection criteria can be communicated with a project team, in observing, predicting and 
evaluating performance and (future) achievements. The construction of criteria involves 
the development and consideration of a wide range of necessary and sufficient decision 
strategy as well as the participation of many decision-making parties (Brook, 2001). 
5.3.1 Selection Criteria in Previous Studies 
Several previous studies and publications on subcontractor selection (e.g. Andrews, 
2000; CIB, 1997; Lin, 2002; Okoroh, 1992) have proposed sets of criteria (see Chapter 
3). A list of 18 criteria was usually considered in selecting subcontractors. These criteria 
and the respective authors are shown in Table 5.1.  
 
However, these sources have some limitations (see Chapter 3). For example, the 
proposed decision criteria have little rationalization, and the logical relationships of the 
criteria were not explained. Most of these models were not supported by an automation 
system. This finding is not surprising. Altink, et al (1997) criticized that most studies 
paid more attention to idiosyncratic criteria and less attention was paid to the way in 
which criteria were actually derived and developed.  
 
Most of the previous studies adopted an inductive concept of learning to find examples 
of knowledge (facts) without giving much attention to justifying the logical consequences 
of the background knowledge. The empirical model is frequently based firmly on 
statistical analysis of the survey results. A problem can arise with this approach in that 
although the statistics may give an indication of what is current practice, it does not 
necessarily indicate good practice (Rowlinson, 1999). One other major conceptual 
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limitation of all statistical techniques is that one can only ascertain relationships, but 
never be sure about the underlying causal mechanisms (Stat-Soft Inc., 2003).     
5.3.2 Criteria Relationships   
Statistical analysis is the most popular technique in studying the quantitative 
relationships of criteria. However, as mentioned earlier, the statistical technique is 
inadequate to explore the causal relationships of the criteria (Stat-Soft Inc., 2003; Mak, 
et al., 1996). In this present research, beside the statistical approach, the logical 
relationships of the criteria can be identified through grouping and mapping them in a 
logical diagram.  
 
The causal relationships of the criteria can be mapped through two approaches namely: 
(1) relationships diagram approach (Bonini, 1999), and (2) causal approach (Lebas and 
Euske, 2002). The relationships diagram approach was used to explain the background 
knowledge for the relationships of the main contractor, subcontractor, and project 
characteristics to arrive at a decision.  
 
The causal approach was used to explain logical relationships of the driving factors that 
affect the decision maker’s objectives (Dulung, 2002). The importance of the causal 
model was to understand the organization and its interactions with the environment. 
After the logical relationships of criteria were identified, the admissibility of criteria was 
checked through postal questionnaires sent to the main contractors.   
5.4 Background Knowledge 
The literature review found that hardly any of the completed studies dealt with 
theoretical or conceptual issues. Although several AEC studies on selecting 
main/subcontractors from the client’s point of view have proposed intensive criteria for 
selection models (e.g. Bubshait and Al-Gobali, 1996; Holt, et al., 1994; Russell, 1992; 
Tam and Harris, 1996), it may not be possible to apply these criteria directly for BR 
subcontractor selection because: 
1. They differ in the decision makers’ characteristics. As decision makers, the 
building owner’s characteristics differ from the main contractor’s characteristics; 
they have different objectives that will imply different strategies in making 
decisions.  
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2. The criteria mostly measure only one or two dimensions, such as main/sub 
contractor’s characteristics and project specifications. They have little 
consideration for the decision maker’s characteristics.  
 
Hence, in this present research, the background knowledge constructed was not only 
based on the AEC literature but also on other fields such as decision-making theory, 
material and supply chain management, human resource management (HRM), 
economics and business management, etc. The knowledge from the buyer-supplier 
decision-making process can be imported into AEC from purchasing and supply chain 
management literature. The concept of personnel selection in HRM literature is also 
relevant for the selection of subcontractors.     
 
The terms buyers, suppliers, and products in the buyer-seller business literature may be 
relevant to main contractors, subcontractors, and services suppliers in procurement for 
AEC areas. The only difference between the buyer-seller and main contractor-
subcontractor interactions is the characteristics of the product. In the buyer-seller 
relationship, products can be inspected and compared in terms of quality, price and 
suitability before the purchase. On the other hand, the main product of the contractor-
subcontractor relationship is normally purchased before it is built. The product cannot be 
returned or exchanged. However, the criteria for supplier and subcontractor selection 
may be comparable. Hence, it can be summarized that the task of a main contractor in 
evaluating the performance of a BR subcontractor shares similar characteristics with the 
situation described above. 
 
In the supply chain management literature, a number of selected criteria have been 
proposed and grouped in accordance with three dimensions (Dzever, et. al., 2001). 
These relate to: (1) the product that is to be sold-bought, (2) the seller or provider, and 
(3) the buyer organization. The data to be collected for the selected criteria procedures 
also depend on these dimensions.  
 
According to the HRM literature, in selection procedures, the data collection step should 
contain information about job openings, job contents, and other characteristics of the 
organization; it should also include physical, biographical and behavioral characteristics 
of the applicant (Roe, 1989). In a similar manner, the main contractors (as buyers) 
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select subcontractors (as service providers) based on three dimensions namely: (1) 
main contractor’s objectives, (2) project specifications, and (3) subcontractor’s profiles.  
 
In practice, the correlations of these dimensions in decision-making are complex. Main 
contractors develop specifications which may not only be based on their objectives and 
the project characteristics, but also based on the special considerations of the main 
contractors (e.g. culture and relationships). On the other hand, the subcontractor 
provides a quotation not only to comply with the project requirements, but also with the 
main contractors’ characteristics and the subcontractor’s objectives.  
 
In order to develop a correlation model, it is necessary to define the input and output 
as: 
1. Main contractor/Decision Maker’s objectives (input) 
2. Subcontractor’s profiles and proposal (input) 










































Figure 5.1 Main contractor – subcontractor relationships and selection process 
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A possible structure of the input/output processes and their logical interaction is 
presented in Figure 5.1. In the next three sections, each of these items will be 
discussed.  
5.5 Main Contractor’s Objectives (Input) 
The main contractor, as a decision maker, has his own distinct objectives and functions 
within different decision-making environments. The main contractor’s objectives 
influence the selection of decision strategy and criteria. However, as mentioned earlier, 
most previous studies on selecting contractors or subcontractors lacked consideration in 
the decision maker’s dimensions.   
 
According to the decision-making theory, a company’s decision is driven by the 
company’s objectives relating to market, production, financial, personnel, and 
organization’s aims (Gruneberg, 1997). Liu (1994) also noted that organizational 
behavior is governed by organizational goals, and project goals can affect the act-to-
outcome process. Altink, et al (1997) introduced organizational practice in the process of 
criterion development and observed that if the organization has set up an objective, 
then a similar type of objective can be applied to develop selection criteria. The 
advantage of this approach is that expectations are clearly communicated in the first 
encounter between the organization and the options available. 
 
In a supply chain management study, Dzever, et al., (2001) found that the decision 
maker’s objectives are important factors in the purchasing decision. They found that the 
purchase decisions were influenced by three broad considerations of buyer behavior, 
namely economic, technical, and social factors.  
 
In another study, Leenders and Fearon (2002) suggested that the decision in selecting a 
supplier can also be based on the calculated risks. Research on assessing the risk 
behavior of the buyer shows that the perceived risk of contracting the work with an 
untried and unknown supplier is high. Chicken (1994) also explained that managing risk 
and making decisions are generally based on the three dimensions of commercial, 
technical and social-political factors.  
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In a construction contract, the main contractor may be willing to transfer the risk to a 
third party and prepare the contingency plan where a planned and organized alternative 
action can come into force when the risk occurs (Liebing, 1998). This is in-line with 
Elkington and Smallman’s (2002) suggestion that the action that can be taken to make 
the risk acceptable are: prevention, reduction, transfer of the risk to a third party, and 
contingency plan. Kashiwagi and Bayfield (2002a) proposed a contractor selection model 
that uses the ability of contractors to minimize risk as one of the selection criterion. 
They added that the technical proposal of a contractor reflects the contractor’s ways to 
minimize the risk. 
 
There are three risks in subcontracting (Wangemann, 2000): (1) the subcontractor will 
default and the main contractor must take over the work; (2) the subcontractor cannot 
perform at the required rate and this delays the entire project, again requiring the main 
contractor’s assistance or takeover; and (3) misunderstanding between the main 
contractor and subcontractor on the total inclusive elements of the subcontract.  
 
The above conditions share similar aspects to a BR project environment that is less 
predictable than the new-build project with a higher level of risks and uncertainties 
(Egbu, 1997; Quah, 1988). The increased risks and uncertainties in such projects may 
disrupt the basic requirements for price certainty, project duration, and acknowledged 
quality standards (Egbu, 199b). These risks can be reduced only by making the right 
decision on subcontractor selection (Quah, 1988).  
 
Based on these discussions, it can be deduced that the main contractor makes decisions 
for the selection of subcontractors based on four objectives:  
1. Economical objectives.  
2. Technical objectives. 
3. Managerial objectives.  
4. Socio-political objectives (Special objectives).  
The next three sub-sections discuss these objectives. 
5.5.1 Economical Objectives 
The general objective of business is monetary advantage. The desired changes in levels 
of monetary resources are usually expressed in terms of profits or profitability. Calvert 
(1995) cited that profit is what is left after all costs and overheads have been deducted 
from the price. Ming, et al. (1997) added that business profitability is closely related to 
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the willingness and ability of businessmen to invest and employ. Hence, logically, to gain 
the desired profit, businessmen need to maximize the returns by maximizing the sale 
price and economizing the costs.  
 
The conventional economist’s interpretation of company objectives is to maximize 
profits. In order to minimize production costs, organizations need to ensure that the 
resources used to produce the output are obtained at the lowest possible costs. This is 
one of the reasons in conventional procurement why the lowest price is the most 
dominant criterion (Kumaraswamy and Walker, 1999; Hatush and Skitmore, 1997). By 
choosing the lowest price, the contractors are expected to maximize profit because the 
quotation price will become part of the main contract price, which will affect the latter’s 
competitiveness.  
 
However, maximizing profit could increase risks because the profit is also a product of 
turnover multiplied by the profit margin, and it is difficult to increase the overall profit by 
maximizing one component without affecting the other components.  
 
Profit is one of the objectives among many. Companies are being held accountable for 
the quality of peoples’ lives and its value (Calvert, 1995). There are other subtle factors, 
such as reputation and public responsibility (safety), which must be fulfilled to ensure 
long-term profitability. Therefore, the economical objective should not be dominated by 
maximizing profit, but it should be balanced among profit, risks, and other objectives.   
5.5.2 Technical and Managerial Objectives 
Gruneberg (1997) noted that apart from making profits, other aims of the business 
include promoting the survival of the firm, customer satisfaction, and producing a high 
quality product or service. In order to provide a high quality product for the customers, 
the main contractors need a good service provider. One of the prerequisites to fulfill the 
customer’s satisfaction is that the project specifications are met, in which the quality of 
specified works match closely with the quality of characteristics that are needed. The 
project objectives can be characterized as being one of two types: external and internal. 
External project objectives are imposed on a project by outside entities, which include 
government regulations. 
 
Internal project objectives are within the sphere that influences the decision maker. 
They consist of several classical measurable performance parameters: cost of the 
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projects, time required for completion, quality of the finished product, safety achieved 
during construction, and other un-measurable factors such as corporate strategy 
(Kagioglou, et al., 2001). The decision maker is therefore forced to deal with both 
internal and external objectives. The objectives will be reflected in the project 
specifications which the subcontractors should comply through their proposals.  
 
The project specifications and the project proposals are discussed in Section 5.7 (Project 
Specifications).  
5.5.3 Socio-political Objectives 
The other factor in decision-making relates to socio-political objectives or the so called 
“special objectives”. It should be recognized that some of the decisions could be based 
on subjective rather than objective criteria. Although people plan to run a business and 
organizations in a rational manner, they also have to deal with other people (socio-
political relationships) when doing so. Consequently, it must be accepted that subjective 
judgments and non-objective criteria, such as a similar culture between the main 
contractor and subcontractor, could be used in the decision criteria.   
5.5.3.1 Similar Culture  
With the increase in economic globalization, some studies of selection criteria have also 
included factors such as culture (Walker, et al, 2003; Rahman, et al, 2002; Dzever et al, 
2001; Barthorpe et al, 1999; Liu and Fellows, 1999; Rowlinson, 1999). In a broad 
sense, culture is acknowledged to be rooted in people’s minds, ideas, beliefs and values. 
Culture affects the way that people make decisions, think, feel and act as a response to 
the opportunities and threats that affect the organization (Liu and Fellow, 1999). Druker 
and White (1996) explained that culture is the prevailing attitudes and beliefs within the 
organization that may have an impact on the way in which individuals perceive their role 
and responsibility. In this present research, the term culture was limited to similar 
language, behavior, and ethics in construction procurement.  
 
Some writers suggest that there is a link between culture and organizational 
effectiveness. Druker and White (1996) cited that culture within an organization is 
reflected in the way that people perform tasks, set objectives and administers the 
necessary resources to achieve objectives. Barthorpe, et.al, (1999) drew the correlation 
between conflict and culture, stating that the cause of disputes is closely related to the 
culture of a society. Cultural misunderstandings are a major source of failure in their 
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relationships. The potential for conflict is exacerbated when two different cultures are 
working together, for example, Western culture meets Eastern culture in joint-venture 
construction projects (Chan, 1997). Sweirczek (1994) cited that individualistic and low-
context cultures, (i.e. western countries) tend to be confrontational and direct. High-
context, collectivist cultures (i.e. East Asian countries), exhibit “face-saving”, and 
indirect styles of conflict management. When these various cultural values come into 
contact, major difficulties emerge. 
 
The concept of culture has become an important issue in analyzing procurement 
systems. Rowlinson and Root (1997) were surprised to find that the impact of contract 
conditions on performance was very limited. The project history and prior working 
relationships have the most significant impact on project culture. The view often 
expressed is that the conditions of contract are only necessary when a dispute arises but 
with good working relationships, this scenario can be avoided. Thus, development of a 
positive project (organization) culture, even before a contract commences, is the best 
means of ensuring a smooth-running project. This is true, especially for BR projects, 
where smooth contractual relationships among all parties are essential. The cultural 
values will affect the relationships, communications, and trust between the main 
contractor and subcontractors.  
5.5.3.2 Relationships 
The dynamic nature of the construction industry mandates a short-term contractual 
formation of various groups consisting of general contractors and a number of specialty 
subcontractors in joining forces to complete a project. This formation ends with the 
delivery of the subcontracted works and the payments made in full to the 
subcontractors.  
 
The formation also gives parties an opportunity to develop a mutual relationship that 
can contribute to future collaboration. It is understood that the main contractor’s 
organizational values, namely, the nature of relationships, should be developed with 
their subcontractors or suppliers. Maintaining a good relationship with the subcontractor 
or keeping a key supplier has also been found to be an important objective 
(Wangemann, 2000; Akintoye and Black, 1999). 
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However, in practice, Greed (1997) described the working environment in the 
construction industry as “a culture of intimidation” where there is an increasing 
emphasis on subcontracting and a decline in the use of direct labor. Greed (1997) 
observed that the whole industry seems to work through each level by putting pressure 
on the next one below. Nielsen (1996) noted that the relationships between supervisors 
and employees in the workplace have become counterproductive to achieving 
performance.  
 
Suppliers or subcontractors should no longer be seen simply as the sellers of products 
(or service providers) but rather as partners in business, because only through this 
partnership can the main contractors achieve their BR objectives with the best quality 
and standards that will ensure the attainment of clients’ satisfaction at the same time. A 
good long-term relationship will result by achieving client’s satisfaction consistently. This 
should be the successful subcontractors’ highest priority. Tan, et al (1998) suggested 
that working cooperatively with a supplier or subcontractor in procurement could move 
beyond mere cost reduction into the domain of efficient manufacturing. These 
circumstances often lead to a relationship somewhat akin to a partnership between a 
main contractor and a subcontractor. Thus, the main contractor – subcontractor 
relationship becomes an important determinant of subcontractor selection for a BR 
project. 
5.5.3.3 Trust  
Other variables to be considered for subcontractor selection in BR projects are trust and 
communications. Leenders and Fearon (2002) also noted that effective supply chain 
management rests on the twin pillars of trust and communications. Commonly, these 
considerations may be the last variable that affects the main contractor in decision-
making. Swam, et al (2002) noted that trust and communications not only reduce the 
transaction costs, make possible the sharing of sensitive information, and permit joint 
projects of various kinds, but also provide the basis for expanding moral relations in 
business.   
 
Trust relates to relationship and experience. Kadefors (2002) noted that a person would 
trust another person if it is in the other’s interest to act in a way that is desirable to the 
first person; when they have confidence in each other, then the information is freely 
shared. Swam, et al. (2002) pointed out that trust is built through relationships, and the 
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repetition of these events will impact future exchange relationships. Experience is 
considered to be the main driver of trust. Trust can also develop the employee’s morale. 
Chang (1991) emphasized the morale of workers as a key factor in measuring 
construction productivity. The ability to handle human resources properly will be 
reflected directly in staff morale and team effectiveness. The employee’s morale can 
decline due to material shortages, frequent foreman turnover, absenteeism, substandard 
employee facilities, and management-labor conflicts.  
5.5.3.4 Communications 
Communications is the key to a successful relationship. Management relies on clear 
communications and the ability to pass ideas and information through quickly and 
effectively between people with different technical skills and interests (Wangemann, 
2000). The success of a project therefore depend on a great deal on the ability of the 
project parties to communicate with each other while performing their functions. 
Effective communications between the main contractor and subcontractors in the project 
helps to create enthusiasm when it is most needed.  
 
Effective communications may occur in two ways: informal and formal. Informal 
communications are valuable in establishing good personal relationships, for the rapid 
and effective resolution of problems and for deciding courses of action. Formal 
communications are required to ratify a decision made informally, to record briefly the 
main reasons for this decision, and to communicate the relevant information to people 
who were not involved in making the decision.  
     
In BR projects, to ensure efficiency in project control, procedures for rapid decision-
making and communications is particularly required. Miscommunications often occur in a 
mixed culture organization because authority is not granted by the formal organizational 
chart. For instance, in an extreme form reflected by Liu and Fellows (1996), the 
problems of good communications between high-content and high-context expressions 
(for example English and Chinese), cultures might be the issue. Without sensitivity to 
the receiver(s) and care in producing and transmitting the message, it is likely that 
clarity will be poor and/or that offence may be taken. Consequently, project 
performance may suffer.  
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In order to eliminate issues, it must be established in the course of social interactions 
what is appropriate to the situation. Informal (face-to-face) communications is more 
efficient in communicating information among the parties than formal communications 
because it does not rely just on words, but also gestures, eye contact and other forms of 
“non verbal” communications. It also contributes to establishing the true meaning and 
intention of the parties (Davies and Haliel, 1998). The main contractor is therefore 
responsible for establishing good communications with all parties. The subcontractor’s 
ability to communicate is also equally essential. 
 
Based on the above discussions, similar cultures in developing a relationship are 
essential; good relations between the main contractor and the subcontractor are the 
cores of effective management. The approach to the selection of a subcontractor should 
take into account the fact that a subcontractor in the field of BR works is in quite a 
different situation from those in new-build contracts. It is suggested that in the case of 
BR works, the emphasis of a successful subcontractor is usually on securing repeat 
business from the main contractors. Consequently, there is a lack of a tendency on the 
part of the subcontractor to resort to litigation to resolve disputes. Subcontractors often 
put a higher priority on maintaining a harmonious relationship than on pursuing every 
possible claim, which might jeopardize this goal (Calvert, et al, 1995). 
5.6 Subcontractor’s Profiles (Input) 
Data on subcontractor’s profiles is essential for the evaluation of performance.   Because 
the contract has not started, a service that will be provided cannot yet be evaluated. The 
main contractor can only judge the quality of the products/services of the subcontractors 
based on imperfect information until the project is finished. Hence, to judge the future 
quality of services provided by the subcontractors, a decision maker should be 
interested in assessing the subcontractor profiles with an assumption that good 
performance of the organization directly affects the quality of the organization’s 
products. In practice, the decision-maker (i.e. the main contractor) can only judge the 
performance of the subcontractor through the characteristics and the past performance 
records of the subcontractor (Kashiwagi and Bayfield, 2002a). 
 
Performance measurement is the process of determining how successful organizations or 
individuals have been in attaining their objectives (Kagioglou, et al, 2003; Evangelidisz, 
1992). Several studies on performance measurement have identified factors that affect 
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performance (Abdeen, 2002; Meyer, 2002; Clark, 2002). For instance, an organization’s 
business performance would affect its stability and hence its capacity to complete a 
project.  
 
Lebas and Euske (2002) noted that performance would not have the same meaning 
because this depends on whether the evaluator is inside or outside the organization. An 
internally defined model is likely to focus on construction of the results through actions. 
An externally defined model is more likely to focus on anticipating the possible action 
that the internal actors might select and thereby estimate the probability of certain 
future results that will be used in some other decision-making process.  
 
In the present research, performance of the subcontractor is viewed from the outside. 
This takes the forms of viewing general indicators based on some preconceived and 
possibly statistically defined relations. The decision-maker is interested to forecast the 
performance based on evidence of performances. These performances may be divided 
into two categories, namely current performance and past performance.    
5.6.1 Current Performance 
Performance indicators, traditionally, have been based primarily on management 
accounting systems. These have resulted in most measures focusing on financial 
aspects, e.g. profits, sales, and productivity (Sanger, 1998; Ghalayini and Noble, 1996). 
Abidali and Harris (1995) suggested that both adverse financial and managerial 
indicators might be observed as the company moves towards insolvency. 
 
Besides the financial perspective, the internal process of the firm is also an important 
indicator to measure the company’s performance (Kagioglou, et al, 2001). The internal 
process can be identified by evaluating corporate strategy, the environment, resources, 
operations and productivity. Among these performance factors, productivity has been 
considered the primary indicator of performance. Since no process can produce the 
same exact results each time the activity is performed, it is important to establish the 
types of variability that can occur. The common causes of variability relate to personnel, 
equipment, material or manufacturing-related things (Leenders and Fearon, 1997). 
Snow and Alexander (1992) summarized seven factors that can influence productivity, 
namely background organization, quality of personnel, equipment, materials, standards, 
relevant experience, and physical environment. 
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In this present research, synthesizing the current performance indicators included four 
criteria. These are financial stability, subcontractor organization, personnel 
qualifications, and relevant experience. These are discussed below.  
5.6.1.1 Financial Performance 
The dimension of financial stability can be measured by four decision parameters: credit 
ratings, banking arrangements, bonding, and a financial balance sheet (profitability 
history). Evaluating the financial stability of companies require detailed information such 
as credit ratings, banking arrangements, financial statements, turnover history, and 
ratio analysis of accounts, etc (Crowe, et. al. 1999). These requirements, however, are 
not easy to fulfill in the BR subcontractor selection process because the time for 
preparing and evaluating the relevant documents is very limited in the early tender 
stages which is made worse by the fact that this information must come from references 
of third parties (e.g. banks).  
 
In this present research, the appropriate attributes were determined to evaluate the 
financial health and the reputation of the subcontractor among the local banks, namely 
bank references, profitability history, and current workload on hand (backlog).  
 
The financial stability indicator is a recent financial statement for the evaluation of a 
current situation or at least that of several months ago. It includes the approximate 
value of work in hand and the annual value of works completed (CIB, 1997). It also 
relates to the capability of subcontractors on how much work can be handled by them at 
any one time. This is an important criterion which indicates whether a subcontractor has 
the necessary financial resources to execute the works.  
 
Another reason why financial stability is important is because in practice, the 
subcontractors’ works are undertaken on credit, providing materials, goods, and services 
for a period of time before they are paid. Under the condition of contract, subcontractors 
are the most vulnerable in respect to claims. Normally, payments are due at not less 
than monthly periods. According to most standard conditions of contract, the main 
contractor will have 17 days from the due date within which to make payment (SIA, 
1999). Subcontractors are therefore invariably financing the works in advance. In fact, 
subcontractors often suffer from cash-flow problems. When the subcontractor defaults 
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on payments to the workforce and/or material suppliers, it leaves the main contractor to 
deal with the consequential difficulties (Druker and White, 1996).   
5.6.1.2 Subcontractor’s Organization 
Adequacy of the organizational structure is another attribute used in the selection 
process. Organizational structure indicates the level of management commitment for 
different functions, such as quality control (Bubshait and Al-Gobali, 1996). The decision-
making process and how decisions are communicated to different hierarchical levels of 
subcontractor personnel can also be inferred from the organizational structure. Solid 
organization equates smooth business (Calvert et al, 1995). Organization is the 
cornerstone of all successful businesses. Good organization is a strong part of 
professionalism. Without good organization, the best business idea will be fruitless. 
 
In previous studies completed by others, some selection attributes were applied to 
measure the effectiveness of the organization but certain criteria such as attendance at 
meetings were not clarified. This attribute was not adopted in this present research 
because the performance of the subcontractor cannot be evaluated simply through 
attendance at meetings. There may be no meetings at the tender stage; the contract 
has not been started yet. If the meetings are meant for project clarification sessions, the 
absentees must be rejected since they would be unable to produce a quotation.  
 
In this present research, criterion of subcontractor’s organization includes company’s 
reputation, company’s age and responsiveness. 
 
One of the attributes in evaluating a corporate business is image (i.e. assurance of 
quality management or good reputation). The company should be able to demonstrate a 
commitment to quality management but this can be difficult to evaluate. Quality 
assurance accreditation is one way in which this can be made evident. In this case, a 
subcontractor should be a member of a union or trade organization which promotes the 
quality of its members. For example, Singapore List of Trade Subcontractors (SLOTS) or 
association of building refurbishment contractors, help to promote a higher level of 
productivity and quality of subcontractors. The union monitors the company reputation; 
better trade subcontractors can be upgraded in accordance with their performance and 
track records under an incentive-oriented rating system (SCAL, 2003). 
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Woodson (1997) suggested that the age of the business is also a significant attribute to 
evaluate a subcontractor. If the subcontractor has been in business for a while, there is 
a better chance that his business will last. New businesses often fail, but businesses that 
have been around three to five years have a better chance of survival. Business owners 
who survived these early years have business experience and dedication.     
 
Another attribute in evaluating a corporate business is responsiveness. The operation of 
a good organization can be seen through responsiveness. For instance, from the main 
contractor’s point of view, one of the most critical aspects of a subcontractor is how easy 
the subcontractor can be reached. Contact persons and addresses are very important 
since BR works need quick responses. The unexpected usually occurs; the work program 
may need to be revised constantly and the subcontractor may need to be on site at 
short notice. 
5.6.1.3 Personnel Qualifications  
Previous studies completed by others distinguished personnel qualification into four 
attributes, namely geographical area experience, number of staff, technical competence, 
and work design experience. However, several attributes are inapplicable, such as the 
geographical region, for a tiny island like Singapore; this is because all subcontractors 
are local companies. Number of staff is also meaningless because workers will come on 
site with a subcontractor, either individually, or as part of a gang called “kepala” in 
Singapore. 
 
Lahteenmaki, et al. (1998) found that human resource issues are supposed to have an 
impact on company performance. The ability of key personnel will affect the business 
performance. Guion (1997) noted that key personnel are the best evaluators in issues 
related to company performance. Consequently, evaluation of future business results is 
supposed to rest on long-term key personnel experience and competence to give a 
reliable picture of reality.  
 
The technical competence of the organization is determined by the skills of the 
personnel, and the quality of personnel may be traced from the technical proposal that 
they produced. Hence, only the key personnel of the subcontractor should be evaluated. 
Baumol and Maddela (1990) identified changes in the quality of equipment, material or 
labor as critical factors of construction productivity. Quality changes in key personnel, 
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materials, or equipment are often contributors to true labor productivity either decline or 
advancement.     
 
The building construction process is characterized by the dependence of skilled 
craftsmanship for the interpretation of instructions and execution of work (Mohsini and 
Davidson, 1992). Managerial and technical capabilities are often considered under the 
manpower category. Abdeen (2002) also found indications that one of the factors that 
make any organization survive in the market is its ability to creatively use people 
management and motivation skills. 
 
Therefore, a main contractor selects the subcontractors or suppliers based on the 
following requirements: (1) a subcontractor with a good track record of success with the 
customer; (2) a subcontractor with skills in an area that the main contractor is not; (3) 
a subcontractor with personnel resources to complement the main contractor’s own 
staff; and (4) a subcontractor who can meet the customer’s certification requirements. 
 
In this present research, the criterion of personnel qualifications include only three 
attributes, namely personnel qualification, related experience and technical ability. 
5.6.1.4 Relevant Experience 
In most standard conditions of contract, it is stated clearly that the sub contractor is 
employed for his experience, character and capabilities. The basis for this principle is 
that the main contractor values the financial standing, technical capabilities and 
trustworthiness of the subcontractors. In the literature review, the attributes of relevant 
experience were difficult to trace because they included several criteria.     
 
Relevant experience can indicate the firm’s ability to successfully complete different 
construction projects. An empirical study showed that relevant experience is correlated 
with job performance (McDaniel, et al 1988). The experience is especially needed when 
difficult conditions occur, for example if abnormal construction is encountered or 
extremely rigid time limits are involved in a project, such as in a BR project 
environment.  
 
The subcontractor’s experience should be an important consideration. In BR 
subcontractor selection, the level of uncertainty regarding the existing building and 
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services is high; it demands a quick response to unexpected situations as they emerge 
(Teo, 1991; Quah, 1989). Subcontracting companies’ experience means the experience 
of the individuals inside the company. West and Allen (1997) explained that individuals 
are selected typically to work as part of a project team because they appeared to have 
the particular set of technical skills and experience that were deemed necessary for 
particular aspects of the job. Individual experience and skills are related to the period 
working in specific fields as well as individual talents.  
 
The criterion of relevant experience includes type of past work and size of the work. 
Subcontractor’s experience is the most significant attribute for evaluation, as similar 
projects undertaken in terms of type, size and complexities are reviewed carefully. 
Subcontractors who are familiar with the type of project may manage that kind of work 
more efficiently and thus may perform better. The level of satisfaction, time of 
completion and the percentage of subcontracted work are also considered. Egbu (1999a) 
suggested that a key consideration for any BR project is the selection of an experienced 
team, and the appointed person should have a good track record for refurbishment 
work. The relevant experiences are not only in type of projects but also size ($) of 
projects. 
 
In this present research, the criterion of relevant experience include only two attributes, 
namely similar type of project to the proposed work, and similar size ($) of projects to 
the proposed work. 
5.6.2 Past Performances 
JDB (1997) suggested that companies which have the necessary skills, experience and 
adaptability, but do not have direct experience of work as the proposed project are not 
immediately rejected. Other factors have to be evaluated such as a good track record 
(past performance), or if they are highly qualified in other areas. This situation is also 
true in BR work where no projects are exactly alike; each project is different.  
 
The quality assurance of companies can be examined from their past performance and 
previous experience on jobs of comparable nature. Ward, et al. (1991) noted that 
looking back on a completed project, no financial or early completion sticks in the mind 
but many other factors do. For example, the customers remember positive impressions 
created through harmony, goodwill and trust. Conversely, customers also remember 
negative impressions created through arguments, mistrust and conflicts. The main 
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contractor’s willingness in selecting subcontractors is likely to be strongly influenced by 
past performances or track records. Andrews (2000) cited that past contractual 
relationships give contractors information on the capabilities of a subcontractor to finish 
the works on time, budget, and produce high quality standards.  
 
Previous studies also indicated that past performance or track record is an important 
indicator (Kashiwagi and Byfield, 2002a; Wangemann, 2000; Leenders and Fearon, 
1997; Ward, et al. 1991). Past performance may be one of the factors that govern 
future performance. Kashiwagi and Byfield (2002b) predicted that performance of the 
present project can forecast 25 per cent of the performance in future projects.  
5.6.2.1 References on Past Performance 
Data of past performance may be based on the main contractor’s own experience with 
the subcontractors, or through references of third parties. The indicators of past 
performances are similar to the indicators of current performances, such as quality of 
past work, safety records, legality of past contracts, quality of workmanship, skills of 
operators, financial performance, integrity, honesty, and reliability. They are different in 
data sources; if the current performances are obtained first-hand from subcontractors, 
the past performance information may be found from the information system of the 
decision maker or past clients (references) who had worked with the subcontractor 
before in past projects. In order to obtain information on past performance from the 
references, some questionnaires may be used to elicit this information, and some 
discussions may be required to test the suitability of proposed quotations for specific 
works.  
 
Tam and Harris (1996) suggested that customer perspective is an important indicator of 
the subcontractor’s ability in working on the project. Evaluating the subcontractor 
through these references is an effective method to screen the performance of firms 
because non-performing subcontractors may be unable to get references, especially 
from previously dissatisfied clients.  
 
The main contractor may not need to elicit the attributes of the subcontractor’s past 
performances because these can be obtained from the references. The number of 
references can be obtained by the subcontractors indicating whether they were good in 
their past performance (Kashiwagi and Byfield, 2002a). The past performance of a 
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subcontractor is evaluated through many different references on many different jobs. 
However, unlike previous studies, this present research did not apply the minimum 
reference score approach. Within the minimum score (e.g. minimum 2 references) 
approach, there was no reward for the candidates who obtained more than 2 references. 
This approach therefore seems unfair because it tends to decrease the quality of 
performance, and could frustrate the candidates. The candidates who have more 
references should get additional scores. 
 
Based on the discussion of the subcontractor’s profiles, it can be summarized that the 
company profile of a subcontractor can be judged based on the firm’s organization, 
quality of personnel, financial stability, relevant experience, and past performance 
through references. However, past performance is difficult to measure objectively. 
Nevertheless although some indicators are qualitative in nature, the intelligent system 
can eliminate the subjectivity of the measurement. 
 
The following sub-sections discuss both the project specifications (output) as a product 
of the decision of an organizational objective and the subcontractor proposal (input). 
5.7 Project Specifications  
The objectives of a main contractor organization will affect the ways in which decisions 
are made. The aim of the main contractor is to select the most qualified subcontractor 
that meets the project objectives and whose price is competitive. The main contractor 
judges the performance of the subcontractor’s organization based on the decision 
maker’s objectives, information gathered from subcontractors’ quotations and other 
sources. The objectives are incorporated in the project document specifications; 
meanwhile the information of subcontractor quotations is obtained from the 
subcontractor proposal.  
 
In the buyer-seller process, once the product specifications have been finalized, the 
specification requirements are considered set. A seller’s responsibility is to deliver 
products that satisfactorily conform to quality to meet specification requirements. 
However, unlike the buyer-seller relationship, in the relationship for BR subcontractor 
selection, there is no real product that can be evaluated in advance. As the main product 
of the building industry is normally purchased before it is designed or built, the usual 
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methods of evaluating and selecting “off the shelf” products cannot be applied (Holt, 
1995; Mohsini and Davidson, 1992).  
 
Furthermore, BR projects differ slightly from new-build projects; the existing building 
condition will typically influence the refurbishment proposal. Specific procedures have to 
be implemented concerning problems that deal peculiarly with an existing building, such 
as interaction between old buildings, temporary works, existing services, and new 
construction that will affect construction methods, planning, and programming 
throughout most of the construction period, as well as the interaction with neighboring 
buildings, processes, activities or people (CIRIA, 1994). These conditions will affect the 
project specifications that describe the requirements.  
 
In general, the project specifications would include price specifications, planning, project 
duration (planning), and technical and managerial qualities. The project specifications of 
BR projects as well as new-build projects may be similar. However, the features of new- 
build and BR projects are quite different; for example, the risks and level of 
uncertainties are higher in BR than in new-build projects. The need for clarity and 
precision of specifications is important, but the scope of BR works is imprecisely defined 
at the outset of the design stage (Gilleard and Lee, 1999). These features will drive the 
decision-maker to handle BR projects in different ways. This should be reflected 
accordingly in the project specifications.  
 
Although the specifications of BR projects can be complex, these should be developed 
precisely. Wangemenn (2000), however, warned that the terms and conditions should 
be minimized because additional requirements could lead to additional contract price, 
which means that the more the requirements, terms, and conditions that the main 
contractor has in the subcontract, the higher the contract price is likely to be.   
  
There are two approaches to writing specifications; namely the prescriptive and 
performance-based approaches. The conventional specification is a prescriptive approach 
that defines requirements in static terms (e.g. floor areas, construction budget, 
regulatory requirements, etc.). The numbers specified are taken for granted and are 
often not questioned for their relevance. On the other hand, currently, there is a 
tendency to move toward a performance-based approach (Aronoff and Kaplan, 1995). 
The basic concept of the performance-based approach is not to prescribe a solution but 
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rather to demonstrate that the proposed design meets defined objectives. This approach 
may result in alternative designs that are more flexible, rational, and innovative as well 
as cost effective. It focuses on performance targets rather than products or elements, 
and it clearly describes what is wanted without specifying how. In this case, the 
performance-based specification is more appropriate than the prescriptive specification 
for BR works.  
5.7.1 Project’s Specification vs. Subcontractor’s Proposal 
In other previous studies, the evaluation of the proposal was excluded because the 
model was used for the pre-qualification stage when the proposal has not been 
submitted yet. The significance of this present model (the SSDSS) is that all the tender 
stages proceed simultaneously in one stage.  
 
For evaluation, a subcontractor submits a proposal that should comply with the project 
specifications; how far the firm can fulfill the performance specifications for the works. 
The main contractor will consider how robust the subcontractor’s proposal is in the 
delivery of both financial and operational goals. The proposal relates to the quotation 
price, and the managerial and technical offer which can be seen as the ways in which 
the subcontractor will manage the project risks (Kashiwagi and Byfield, 2002a). The 
proposal is the subcontractor’s product (output) that complies with the project 
specifications and objectives of the main contractor.  
 
A common approach in evaluating the subcontractor’s product on the extent of the 
services is cost, time, and quality (Kagioglou et al, 2001; Rowlinson, 1999). A project 
may be regarded as successful when the building is delivered at the right time, at the 
appropriate price and quality standard; it also provides the client with a high level of 
satisfaction (Love et al, 1998). Sanvido (1991) mentioned that in evaluating the project 
criteria, the performance would depend on the evaluator’s point of view. The main 
contractor’s criteria for evaluating the performance of the subcontractor’s proposal 
include: profit or under budget (saving for the main contractor); meeting schedule; 
quality specifications met or exceeded; good safety; and client satisfaction.  
5.7.1.1 Cost - Price   
Cost and price are two different things; it depends on the point of view adopted. From 
the main contractor’s point of view, the main costs are related to the price which a 
subcontractor quotes. According to conventional economics literature, price is equal to 
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cost plus profit (Welch and Welch, 1992). The cost can in turn be categorized into direct 
costs (i.e. comprising of variable, fixed, and semi variable costs) and indirect costs 
(overheads). Direct costs are specifically traceable or caused by a specific project of 
production or operation, while indirect costs are costs that are associated with or caused 
by two or more operating activities jointly, but are not traceable to each of them 
individually (Mann, 1992).  
Price 
Several forms of price analysis have been proposed. However, there were no ideal price 
formulas that can be used to form a positive judgment concerning the right price of 
which profit is one component (Dobler and Burt, 1996). Several studies also found that a 
strong relationship between the price level in the building industry and the level of 
competitiveness in the industry follows the supply and demand relationship (Ming, et al. 
1996).   
 
In marketing theory, Erridge (1995) noted that product and price have a close 
relationship. However, construction contract bidding differs from product pricing when 
viewed in decision-making terms. The contractor/subcontractor relationship, for 
example, is more complicated than the usual buyer/seller situation in that the contractor 
and subcontractor have to make decisions in two stages over time and in uncertain 
conditions. There are, however, certain basic concepts of pricing on which professionals 
have agreed. One objective of sound purchasing is to achieve good supplier relations. 
This objective implies that the price must be high enough to keep the supplier in 
business (Dzever, et al., 2001).  
 
Furthermore, the price must also include a profit that is sufficiently high enough to 
encourage the supplier to accept the business in the first place, and in motivating the 
firm to deliver the materials or services on time (Dobler and Burt, 1996). Tam and 
Harris (1996) indicated that if the subcontractor knows at the outset of the project that 
a profit can be made, a more cooperative attitude often results. However, on the 
contrary, the company may seek every opportunity to claim and risk upsetting the main 
contractor. What profit does it take to get these two desired results? On what basis 





Dobler and Burt (1996) argued that there is no single answer to the question: what is a 
fair profit? In a capitalistic society, generally, profit is implied to mean the reward over 
costs that a firm receives for its efficiency and the degree of risks it assumes. A fair 
profit in society cannot be determined as a fixed percentage figure; rather it is a flexible 
figure that should be higher for the more efficient producer than it is for the less efficient 
one. Low cost producers can price lower than their competitors, while simultaneously 
enjoying a higher profit. Consequently, one of the main contractor’s greatest challenges 
is to constantly seek out the efficient, low-cost producer.  
 
Attractive terms of payment and discounts can often be taken on materials and 
subcontractors’ quotations are sometimes considered as an extra source of profits. It 
seems that profit should provide three basic incentives: (1) inducing the subcontractor 
to take the jobs at a reasonable price (win-win game); (2) inducing the subcontractor to 
perform as efficiently as possible, to deliver on time; and (3) providing all reasonable 
services associated with the order.        
 
In practice, the profit margin is added to the direct costs for a particular project with: 
the volume of work in hand, the orders anticipated, market condition, and the inherent 
challenges in the works. The senior management will then decide what should be added 
to allow for profit from the returns on capital and the risks that are inherent in the works 
as a percentage factor. This may produce a tender sum that is considered too high to 
win the contract. The company must then decide on what sum it is willing to reduce the 
tender sum to in order to obtain the contract. When the contractor has little work in 
hand, there is obviously greater pressure on the management to secure a contract by 
submitting the lowest tender. The estimated direct costs will be reduced to as low a 
figure as possible and the allowance for profits will be kept to the minimum.  
Contract price 
Like all buyers and sellers anywhere, a main contractor also wants the best value for 
money. In the conventional approach, price is the first consideration that most 
contractors would make in selecting a subcontractor. Price has a direct effect upon the 
anticipated profitability of a project and can determine the profits returned to the main 
contractor. This emphasizes the importance of subcontractor’s prices in the selection 
process, but the selection should not be undertaken on price alone because it may be 
inaccurate and comprises hidden costs (Andrews, 2000). Price pressure through the low-
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cost route may force subcontractors to increase the volume but the low margin may 
bring higher risks and lower the level of quality. 
 
On the other hand, from the main contractor’s point of view, a subcontractor may 
consider high price as a means for safe business that may implicate a surplus. Price, 
actually, relates directly to the project characteristics. However, the decision to bid is 
not only based on the project characteristics or bill of quantities but also heavily on the 
habit of the main contractor in deciding on the setting of a quotation for subcontracted 
works. Shash (1998) found the following indications:  
1. A main contractor with a good reputation would receive a lower quotation 
than others who did not. It seems that subcontractors appreciate a low profit 
margin from well-organized works, by giving them an opportunity to manage 
their resources properly and to satisfy their various contractual commitments.  
2. A subcontractor would reward a general contractor who paid promptly with a 
low quotation. On the other hand, if a general contractor has a reputation for 
late payments, the subcontractor will submit a high quotation to cover 
interest costs and the possibility of no payment. 
3. A subcontractor understands that the growth and prosperity of its business 
can depend on the amount of work that it may secure in future projects 
released by the main contractor.  
4. A subcontractor considers the future relationship seriously when giving a 
quotation for the work. From this perspective, subcontractor assesses the 
possibilities of future work to be awarded by the contractor and adjust its bids 
correspondently. In other words, if the possibilities of future work are high, 
subcontractors will lower their bid price, and vice versa.  
 
In addition to these considerations, characteristics of a BR project should be considered. 
Refurbishment cost is likely to escalate at short notice; estimators in BR work often have 
to make decisions on the basis of incomplete and imprecise information during the 
tender preparation stage. In many cases, detailed drawings and specifications for the 
work that will be performed are not a prerequisite to appointment or even 
commencement (CIRIA, 1994). Estimation of the cost should therefore include realistic 
contingencies for specific areas of uncertainty, and in early estimation, this may be a 
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major allowance. These considerations will affect the decision in selecting the 
subcontractors’ quotation price.  
 
The evaluation of subcontractors’ quotations is mostly based on accuracy, consistency of 
price estimation, discount rates and terms of payment. A subcontractor would be 
selected because of its ability in providing a realistic quotation price and cost control. 
Previous studies (Okoroh and Torrance, 1999) also included “receipt of quotation on 
time” as a selection attribute. However, this attribute would not be adopted in this 
present research because late quotation may reflect low performance by the 
subcontractor and should therefore be rejected. “Terms of payment and discount” are 
two essential factors that should be included but do not currently exist in previous 
studies.  
5.7.1.2 Project Duration (Planning)  
Planning is the mover of the project and must be based on clearly defined objectives. 
With proper planning, adequate resources would be made available at the right moment, 
adequate time is then allowed for each stage of the process, and all the various 
component activities would start at the appropriate time (Gould and Joyce, 2003). 
Planning techniques can range from a simple bar chart to computerized network 
analysis.  
 
Harris and McCaffer (2001) suggested that planning techniques should be based on the 
following important principles:  
1. It should provide information in a readily understandable form; it should be 
realistic. 
2. It should be flexible, and should be possible to alter certain elements without 
disrupting the entire plan. 
3. It should serve as a basis to control and monitor progress. 
4. It should be comprehensive, and should cover the stages from briefing to 
commissioning.     
  
The most important task in the planning process is the preparation of a realistic time 
schedule. A basic time schedule should be worked out at a very early stage and should 
serve as a framework where all key activities can be indicated. The main contractor 
needs to evaluate the ability of a subcontractor in terms of construction time, or how 
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long the work can be completed. Delivery date is related to project duration. Project 
characteristics, such as construction costs, gross floor area, project complexity, quality 
level, management style, etc. can significantly influence the construction duration (Chan 
and Kumaraswamy, 1999, 1997 and 1995). Studies undertaken specifically for 
construction time performance found that time performance is also significantly 
influenced by the managerial performance of construction management teams (Walker 
and Shen, 2002).  
 
In a BR project, work often cannot be accurately predetermined in terms of duration. 
Plans of work and schedules must be realistic and must be shown to those who work 
toward them. For example, in some occupied BR business centers, a time window would 
need to be created to allow for power shut down in the area to be refurbished. The work 
timetable of the occupants and the neighbors becomes essential information for the 
planning of BR works. A high degree of pre-planning is clearly essential for BR 
subcontractors; provisions will need to be made for fallback actions in preserving the 
integrity of the time window. Planning should include: forecasts of resource 
requirements of people, materials and equipment; analyses for their most efficient use; 
and a forecast of milestones against which progress can be measured.         
5.7.1.3 Technical and Managerial Quality  
Quality is defined as the totality of attributes, characteristics of a facility, product, 
process, component, service, or workmanship that bear on its ability to satisfy a given 
need: fitness for purpose. It is usually referenced to and measured by the degree of 
conformance to a predetermined standard of performance (Sanvido, et al, 1992). It is 
common to rely on the quality assurance of the subcontractor or supplier rather than the 
traditional approach of the purchaser inspecting the work (JDB, 1997).  
 
However, as mentioned earlier in subcontractor selection, there is no product quality to 
be evaluated. The main contractor is concerned with determining and ensuring that the 
subcontractor is able to meet the quality specifications of the works. The capability 
refers to the ability of the subcontractor to consistently meet the project quality that 
relates to capability to meet managerial, technical (material and equipment), and 
financial specifications. The technical solutions posted by the subcontractor will be 
considered to ensure that they are feasible in offering the main contractor a service, 
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which will satisfy its requirements. Issues such as the use of innovation both to enhance 
the service provided and to reduce the costs involved will be considered in this area. 
 
The nature of refurbishment works lends itself to a variety of areas that create 
difficulties in writing the project specifications (Egbu, 1999a; Ismail, et al, 1999; Gilleard 
and Lee, 1999). The basic objective of cost, time and quality, which occurs in all 
projects, is often supplemented in BR projects by major objectives such as minimal 
disruption to the operations of the building, safety, and housekeeping programs. For 
instance, some buildings were still occupied when they were refurbished and needed 
special handling (Marosszeky, 1991), including:  
1. Controlling dust and vibrations, especially in carrying out refurbishment works 
in occupied premises such as shopping centers or hospitals can be a major 
issue. The subcontractor needs to reduce the impact of noise and vibration to 
occupants and yet have minimal effect on the regular progress of the 
refurbishment operations.  
2. Securing refurbishment sites, improving quality and safety issues will 
increasingly become more important. Refurbishment works often involve 
alterations to the structure or partial demolition with important implications 
for shoring and other temporary works.   
3. Special material technology is needed when marrying new materials with old 
materials - dealing with the interface between old and new technology and 
combining of old technologies with new ones. 
 
Therefore, special technical and managerial skills are needed in a BR project. A 
subcontractor must be selected because of his managerial and technical capabilities to 
perform the work needed by the main contractor. The technical capabilities of a 
subcontractor include the ability of the subcontractor to meet the site requirements of 
BR projects, the level of experience and the ability to interpret and use the contract 
documents effectively.  
 
The subcontractor’s proposal should include appropriate shop drawings, construction 
methods, time schedules, project quality plans, and health-safety and house keeping 
programs. The appropriate shop drawings submission schedules should include the 
major pieces of equipment which the shop drawings indicate and the anticipated date 
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when each drawing will be submitted; the subcontractors should also include information 
on escalation for wages, materials, and equipment.  
 
The last attribute (health-safety) is one of the most important issues that people in BR 
works have to contend with. The fragmented nature of projects and the high number of 
subcontractors may magnify the problem generated by a mobile, often self-employed 
workforce, many of whom lack the necessary training. Submitting a proper proposal is 
evidence of the technical and managerial ability of the subcontractor.  
 
Based on the discussion of the project specifications, it can be summarized that the 
quality of the subcontractor’s proposal can be evaluated based on his ability to manage 
or minimize the project risks through complying with cost, time, and quality objectives 
of the project specifications.   
 
The discussions above also indicate that in decision analysis, costs and quotation price 
should not be used as the only factors in BR subcontractor selection. Besides price, there 
are other sets of criteria, such as planning, quality, subcontractor’s background, etc. 
that should be considered. 
5.8 Decision Strategy (Output) 
The decision in selecting subcontractors should always be based on a reasonable set of 
criteria. As mentioned earlier, this present research argued that the subcontractor 
should not be selected based on the lowest price alone. There is a better combination of 
selection criterion, apart from price, which the main contractor should always consider in 
selecting subcontractors for BR projects. 
 
The process of evaluating a subcontractor is essentially about the decision-making 
processes that will occur within the overall procurement strategy. The decision process 
of selecting subcontractors would depend upon the main contractor’s characteristics and 
decision-making strategy. The strategy would focus equally on the main contractor’s 
needs, project characteristics, and on the expected subcontractor’s performance.  
 
The knowledge gaps revealed that the selection of general subcontractors is carry out 
mostly through conventional tender in one-stage approach. However, this is not a 
suitable tender procedure for BR subcontractors (see Chapter 3). In selecting a 
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contractor and supplier, there is an acceptable principle for competitive tender, which 
may be relevant to subcontractor selection. The aim of tendering is to be able to identify 
a minimum number of comparable, competent, suitable organizations willing and able to 
tender from whom compliant tenders will be received, so that good value for money can 
be achieved while containing the costs of the tendering process (Russel, 1992; Vokurka, 
1996). 
 
In procurement practices, subcontractors may be selected through a competitive one-
stage, two-stage or negotiation approach.  
5.8.1 One-stage approach 
Traditionally, in the conventional one-stage tender, price was the only consideration in 
selecting a subcontractor and making a contract (Humpreys, et al., 2003; PCIB, 2002; 
Leenders and Fearon, 2002; Dzever, et. al., 2001; Andrew, 2000; CIB, 1997; Vokurka, 
et. al., 1996; Erridge, 1995). However, this present research argues that in selecting 
subcontractors for BR projects, the conventional tender system is inappropriate. The 
subcontractors’ price will remain a consideration, but not necessarily the most 
significant, and also not the only factor in the overall decision. The decision to select 
subcontractors for certain works should always be based on a reasonable set of criteria. 
 
The use of the conventional form of procurement, based on the lowest price, can be 
used if the contractors are very familiar with the contractual arrangements and its 
implications (Cox and Townsend, 1998; Dobler and Burt, 1996). By its nature, the 
conventional approach presumes that the design phase is nearly complete before the 
contractor starts work; therefore, quantities and prices are worked out on the basis of 
the design. However, the nature of refurbishment works has a high level of uncertainties 
and a possible lack of information on the conditions of the existing building is frequently 
encountered, so much so that a conventional contract could be founded on false 
assumptions.  
 
If the conventional system is applied successfully in refurbishment works, it seems that 
a high level of investigation of the existing building conditions should precede the 
detailed design, and a certain element of flexibility needs to be introduced to allow quick 
reactions to the discovery of new problems. In fact, building diagnostics can be a difficult 
task (AIA, 1986). 
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Obviously, the above discussion indicates that in general, the conventional one-stage 
approach is likely to be inappropriate for refurbishment works. The conventional 
approach is inefficient for refurbishment projects and fails to cope with, or to foresee, 
the additional strain that could be put on relationships between the various parties 
involved in a BR project, and its inability to allow the early involvement of the 
subcontractor is a serious disadvantage.  
5.8.2 Negotiation and two-stage approaches 
Other procurement strategies are negotiation and two-stage approaches. Negotiation is 
one of the most important parts of professional purchasing (Cox and Townsend, 1998; 
Dobler and Burt, 1996). Dobler and Burt (1996) suggested that negotiation is the 
appropriate method of procurement when competitive bidding is impractical. Negotiation 
must be utilized in its broadest context in the decision making process. The purpose of 
negotiation is to discuss factors in the procurement situation that may affect what is 
considered a reasonable price.  
 
The negotiation approach should provide a good working relationship between the 
project team, main contractor and the subcontractor (Liu and Fellows, 1999). Calvert, et 
al (1995) suggested that when builders are selected for negotiated contracts by 
reputation, i.e. recommendation or repeat order by a satisfied client, they have every 
incentive to please the client and preserve their good name.  
 
The term two-stage tendering essentially describes the procedure where a subcontractor 
is selected in one operation and the contract sum is agreed in the second operation. The 
first and second steps of the two-stage approach are called subcontractor “qualification” 
strategy and “tender assessment” respectively and the whole process of identifying the 
appointed subcontractor is called subcontractor “selection”. The first step that processes 
a set of criteria is needed to identify subcontractors who meet the minimum quality 
requirements (e.g. general skills and competence) to carry out a given type and size of 
work (CIB, 1997).  
 
Tender assessment is the part of the selection process that covers preparation and 
evaluation of formal written offers from a limited number of subcontractors. The tender 
assessment on price can be initiated only after a list of comparable quality 
subcontractors is produced from the pre-qualification stage. Otherwise, the 
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straightforward selection based on price is based on the principal assumption that all 
subcontractors are comparable in quality. 
 
Besides the advantages, however, these approaches have limitations; the two-stage 
tender process will require more time for processing bids than the one-stage approach. 
The negotiation seems a non-formal process; there is no standard process and it’s time 
consuming to arrive at a decision.   
5.8.3 Appropriate selection approach 
Based on these discussions, the combination and modification of the two-stage pre-
qualification and negotiation approach seems to be appropriate for selecting a 
subcontractor for a BR project. These approaches introduce an element of competition in 
the selection of subcontractors and allow a more cooperative relationship to develop 
between the main contractor’s team and the selected subcontractor with the possibility 
of having subcontractor’s inputs to the design process and collaborative considerations 
of buildability, temporary works, access, and problems with continued occupancy.  
 
These approaches may allow the subcontractor to be engaged at an early stage. There 
are many arguments that can be made for the inclusion of a subcontractor at an early 
stage, due to the potential impact of early inputs in the design, buildability and lifecycle 
costs of a project (Cox and Townsend, 1998). CIRIA (1994) also suggested that on 
account of the subcontractors’ specialized knowledge and skills, it will often be 
advantageous to engage the service of a specialist works contractor or subcontractor at 
an early stage so that they can contribute to the design. Since a subcontractor will be 
naturally reluctant to give advice until he has a contractual appointment, this will have a 
bearing on the selection of an appropriate contract strategy. 
 
BR projects have a number of problems which stem from their characteristics of 
uncertainty and change, together with the issues that arise from occupation and 
discovery. In these circumstances, any formal contractual framework will only work 
effectively if the parties enter into it in a constructive spirit and negotiate their 
differences in a fair-minded way. The confrontational and legalistic approach sometimes 
adopted on new-build projects with various degrees of success has no place in a BR 
project. Calvert, et al (1995) suggested that co-operation and goodwill are a much 
better formula than a bond. 
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For this present research, the combination of negotiation and a two-stage tender 
approach was adapted, but the processes of the tender were conducted and evaluated 
continuously in the one-step process. In practice, to carry out this approach manually is 
a very complex and time-consuming process. However, advancement of the computer 
systems through the SSDSS can help to eliminate these problems.  
5.9 Logical Causal Model  
In order to understand the relationships of the hierarchy of clearly identified criteria, 
they need to be mapped in a logical causal model. A causal model that links actions to 
result in the future can come in various forms. 
 
Among these criteria, the most complex relationships are the driving factors that can 
affect performance. The evaluation criteria are used as a predictor of the subcontractor’s 
future performance. The performance measurement means all processes done today will 
lead to measuring the value outcome tomorrow. To create something in the future, a 
causal model is necessary so that the process through which the performance (future 
results) will be created can be identified. Lebas and Euske (2002) introduced a causal 
model that is portrayed as a tree to illustrate how an organization goes through the 
process of creating performance. The analogy to a tree helps to capture the process 
complexity and characteristics of growth and change. More information concerning this 
concept can be found in Lebas and Euske (2002).  
 
Figure 5.2 illustrates an example of the three generic stages of a causal model: (1) 
Outcomes (often reduced to outputs and results), (2) Processes, and (3) Foundation. 
This figure summarizes description of criteria relationships and also show linkage  
between the criteria with the six factors influencing success of BR project  (section 5.4). 
 
In Figure 5.2, outcomes, results, or outputs are consequences of the product attributes 
that constitute the fruits of the tree. These attributes are the elements of the product 
that the main contractor (customer) values. They include price, availability and quality 
of services. The customer’s values can be grouped into economical, technical, and 
























    
 
The attributes are not only the basis for customer (main contractor) satisfaction, but 
also the stakeholder satisfaction in general. As mentioned in Section 5.2, six factors 
influencing success of BR projects are client’s involvements, collaborative approach, 
client’s representative, authority and communication, building diagnostics, and 
construction team. These factors could be satisfied when the economical, technical, and 
specific objectives are also obtained.    
 
The attributes are the result of the business processes. These constitute the trunk of the 
performance tree. Subcontractors have to be monitored so that they deliver what the 
main contractors want within the constraints of the strategic intent of the organization, 
e.g. general, projects, or social objectives. These organizational objectives constitute the 








Past customer satisfaction 
Past performance 
Financial stability 
Personnel Trust Relationships 
Main contractor’s objectives   
      culture, and strategies 
Figure 5.2 Performance tree diagram 
*) The factors influencing success of BR project could be satisfied when the economical, 










Continuing the tree analogy, the quality of the processes would be the richness of the 
sap and its effective movement through the trunk and the branches. Furthermore, the 
quality of the processes rests in part on the nutrients (fertilizer) in the soil. Such 
elements would include the competence and awareness of the main contractor’s 
reputation and strategies, e.g. maintenance policy for existing structures of negotiation, 
partnerships between both the main contractor and subcontractor, and the objectives of 
the organization. This illustration is consistent with the fact that the results of an 
organization can be multifaceted in nature. 
 
The discussions above do not only illustrate the logical relationships of the hierarchical 
criteria, but also justify that price is not the only factor to be considered for BR 
subcontractor selection. Price is the outcome of the process which can be influenced by 
many other criteria. A set of criteria other than price alone should be considered 
carefully. 
5.10  Structuring Hierarchy of Factors 
Based on the above discussions, a hierarchy of factors, criteria, and attributes can be 
constructed. The highest level of the tree is labeled “factor”, the intermediate level of 
the tree is labeled “criterion”, while the lowest level is called “attribute”. The hierarchy 
tree for the SSDSS is shown in Figure 5.3. 
 
In order to arrive at a decision, data must be gathered for each subcontractor. The data 
for attributes should be fulfilled. The main contractor has to collect the information from 
each subcontractor that provides an in-depth look at how subcontractors conduct their 
business and perform in actual jobsite conditions (Dulung and Low, 2005). 
 
Based on the background knowledge, a list of indicators was identified that presents the 
characteristics of a project, a subcontractor, and the main contractor. Besides the data 
on attributes, the general information relating to the subcontractor and project 
identifications are also needed to relate to the project’s purpose. The minimum amount 
of general information should be collected, namely, name, address, contact person, and 








































Figure 5.3 Hierarchy of criteria and attributes for the SSDSS 
Criteria for subcontractor selection 









Discount price rate; 
Terms of payment
Project duration, and 
Time schedule 
Shop drawings; Construction 
methods; Material/equipment 
used; Schedule maintenance; 
Project quality plan; and 




Age of company; 
and Responsiveness 











contract on hand 
Relevant experience 
Type and size of 
past works 
References on past 
performance 
Success to complete a past contract; Contract on time and on budget; 
Legal work; Safety record; Cooperation and coordination; Knowledge of 
design and regulations; Quality of past work; Quality of past workmanship; 
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                   Technical and Managerial Objectives 
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A list of factors (F) are presented below, followed by the criteria (C), attributes (A), and 
questions (Q):  
 
F1. PROJECT SPECIFIATIONS 
 C1. General information  
  Project identification 
   Q1. What is the project name? 
   Q2. What is the project number? 
   Q3. What is the subcontractor’s code? 
  Q4. What is the subcontractor’s work type? 
 C2. Price specifications 
  A1. Competitive price  
   Q5. How much is the quotation price? 
  A2. Discount price 
   Q6. Does the subcontractor offer discount price rate?  
  A3. Price consistency 
   Q7. Is the price rate in price analysis consistent? 
  A4. Terms of payment 
   Q8. Does the subcontractor propose terms of payment? 
   Q9. Does the subcontractor request advance contract 
deposit?  
   Q10. Is the payment based on work progress?  
   Q11. Is the cost to be paid after the work is completed? 
 C3. Time specifications 
  A5. Project duration 
   Q12. How long is the project duration for completion? 
  A6. Time schedule 
   Q13. Is the duration of work proposed comparable to the 
main contractor’s program? 
   Q14. Is the duration of work proposed shorter than the main 
contractor’s program? 
 112
   Q15. Did the subcontractor submit an appropriate time 
schedule? 
  A7. Schedule of maintenance 
   Q16. Does the subcontractor offer appropriate schedule 
maintenance in accordance with the specifications and 
conditions of the main contract? 
 C4. Quality specifications  
  A8. Shop drawings 
   Q17. Does the subcontractor submit appropriate shop 
drawings in accordance with the specifications and 
drawings of the main contract? 
  A9. Construction methods 
   Q18. Does the subcontractor submit appropriate construction 
methods in accordance with the main contractor’s plan? 
  A10. Materials and equipments used 
   Q19. Does the subcontractor offer appropriate 
materials/equipments in accordance with the specifications 
and conditions of the main contract? 
  A11. Project Quality Plans 
   Q20. Does the subcontractor provide project quality plans? 
  A12. Housekeeping programs and Safety policy 
   Q21. Does the subcontractor offer health, safety, and 
housekeeping programs? 
 
F2. SUBCONTRACTOR’S PROFILE 
 C5. General information about the subcontractor’s organization 
  Subcontractor’s identifications 
   Q22. What is the subcontractor’s name?  
   Q23. What is the address of the subcontractor? 
   Q24. Who is the contact person in the subcontractor’s firm? 
 C6. Subcontractor’s organization 
  A13. Company image 
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   Q25. Did the subcontractor join the subcontractor trade 
association? 
  A14. Age of the company 
   Q26. How long has the subcontractor's firm been trading 
under the same company name within the construction 
sector? 
  A15. Responsiveness  
   Q27. Is the subcontractor easy to contact? 
   Q28. Is the subcontractor quick to respond when receiving a 
request? 
 C7. Relevant experience 
  A16. Type of past work 
   Q29. Did the subcontractor provide details of subcontracting 
jobs completed within the past 5 years? 
   Q30. How many refurbishment works have been completed? 
   Q31. How many new building works have been completed? 
  A17. Size of the past work 
   Q32. Did the subcontractor experience a similar size ($) 
project to the proposed work within the past 5 years? 
   Q33. Is the proposed work of size ($) most often  
undertaken by the subcontractor’s company? 
 C8. Financial stability 
  A18. Bank references 
   Q34. How long has the subcontractor’s firm been with the 
same bank?   
   Q35. What was the rating given by the bank referee 
regarding the company’s financial performance? 
  A19. Profitability history 
   Q36. Has the company shown profitability over the last 2 
years? 
   Q37. Return on sales? 
   Q38. Return on assets? 
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  A20. Current and projected work load 
   Q39. How many projects is the subcontractor currently 
carrying out? 
 C9. Personnel qualifications 
  A21. Qualification of key personnel 
   Q40. What percentage (%) of the subcontractor's key 
personnel hold a construction related qualification? (e.g. 
Degrees, Diplomas, Certificates). 
   Q41. What percentage (%) of the subcontractor's key 
personnel hold a construction related certificate? E.g. 
government or other recognized institution’s certificates. 
  A22. Experience of key personnel 
   Q42. Are the key personnel of the subcontractor’s 
experienced working in building refurbishment works 
before? 
   Q43. How many projects have been completed by them? 
  A23. Technical abilities 
   Q44. Do the key personnel of the subcontractor’s have the 
technical ability to interpret and use contract documents?   
 C10. Past performance 
  A24. Number of references 
   Q45. How many references does the subcontractor have? 
  A25. Failure to complete a contract 
   Q46. Did the subcontractor fail to complete an entire contract 
before?  
  A26. Contract on time 
   Q47. Did the subcontractor complete the contracts by the 
completion dates?    
   Q48. Was the delay entirely due to the subcontractor's fault? 
   Q49. Only partly due to the subcontractor's fault? 
  A27. Contract on budget 
   Q50. Was the contract completed on budget?  
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   Q51. What approximate percentage of the cost overrun was 
attributable to the subcontractor making claims? …% 
  A28. Legality of contract 
   Q52. Has the subcontractor ever been engaged in illegal or 
fraudulent activities before? 
   A29. Safety records 
   Q53. Did the company has zero accident on any site  
under its control within the last 5 year? 
  A30. Cooperation and coordination 
   Q54. What was the rating given by a previous main 
contractor who employed the subcontractor, regarding the 
ability of its key personnel in terms of cooperation and 
coordination? 
  A31. Knowledge of design and regulations 
   Q55. What was the rating given by a previous main 
contractor who employed the subcontractor regarding the 
knowledge of design and regulations that are relevant to 
the building refurbishment works? 
  A32. Quality of past works 
   Q56. What was the rating given by a previous main 
contractor who employed the subcontractor regarding the 
quality of finished work? 
  A33. Quality of workmanship in general 
   Q57. What was the rating given by a previous main 
contractor who employed the subcontractor regarding the 
quality of workmanship? (In general) 
  A34. Quality of operators 
   Q58. What was the rating given by a previous main 
contractor who employed the subcontractor regarding the 
skills of operators using equipment? 
  A35. Financial performance (Past) 
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   Q59. What was the rating given by a previous main 
contractor who employed the subcontractor regarding the 
financial stability of the subcontractor? 
  A36. Honesty and Integrity 
   Q60. What was the rating given by a previous main 
contractor who employed the subcontractor regarding the 
honesty/integrity of the subcontractor? 
F3. SPECIAL CONSIDERATION 
 C11. Qualitative aspects 
  A37. Culture  
   Q61. What rating would you give to the similarity of the 
culture of your company with the subcontractor? 
  A38. Relationships 
   Q62. What rating would you give to the subcontractor 
regarding the relationship of your company with the 
subcontractor? 
   Q63. What rating would you give to the subcontractor 
regarding the relationship of your site staff with the 
subcontractor's site personnel? 
  A39. Trust  
   Q64. What rating would you give to the subcontractor 
regarding his trustfulness? 
  A40. Communications 
   Q65. What would be the rating given by you regarding the 
ability of the subcontractor in communications? 
 
Based on the above discussions, it can be summarized that in making decisions for BR 
subcontractor selection, main contractors should formulate criteria and its relative 
weight of emphasis of each criterion should be given. Their decisions are influenced by 
their main objectives (i.e. general, project, and specific objectives), the project specifics 
and subcontractor’s profiles. On the other hand, the subcontractors may place a 
quotation for work that is not only influenced by the project characteristics but also by 
the main contractor’s characteristics.     
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Mapping factors, obviously, signify the logical relationships of the criteria, and also 
justify that a quotation price should not be the only consideration. Choice of the 
subcontractor should be made on a value for money basis rather than automatically 
accepting the lowest bid. The ultimate aim should be to identify the best subcontractor 
and not the lowest bidder. This should include a good relationship and historical 
experience between the main contractor and the subcontractor, and many other 
interrelated factors (Hughes, et al, 1997). It is essential that the subcontractor, no less 
than its operatives, seeks a fair engagement that is fairly and consistently administered. 
As it has been frequently noted, money will not buy good working relations, but there 
must be a genuine agreement about what is being paid for if such relations are 
developed (CIRIA, 1994).    
 
Although the lowest tender should be accepted, the definition of “lowest tender” needs 
some qualification. It should be the lowest tender from a financially sound company that 
has the competence and experience in the subject of the tender. In the case of building 
refurbishment projects, it should be possible to select a sound subcontractor that has 
the competence and experience (Egbu, 1997; CIRIA 1994).  
 
Besides the proposal and the company’s profile, the subcontractor appointed to 
undertake the work should be considered on the basis of both previous experience and 
future relationships with the main contractor. The past and future relationships will 
affect the subcontractor in deciding the price for the subcontract work and shape a 
smooth contractual relationship between the main contractor and the subcontractor. 
These factors are complex and interrelated in the decision-making process. This process 
of judgment is quite difficult to predetermine and may be performed through 
cumbersome negotiations between the decision maker’s team and the short listed 
subcontractor. By capturing this process in the KBES decision tool, it can provide 






FINDING AND ANALYSIS OF INTERVIEWS 
 
6.1 Introduction 
As stated in the research strategy (see Chapter 4), the research was carried 
out through three fieldworks: first, capturing knowledge from literature and 
several domain experts; second, identifying the relative importance of the 
criteria; and third, applying and validating the model. The purposes of the 
first and second fieldworks were to capture knowledge, and to identify 
significant factors that main contractors should consider in selecting the best 
subcontractors for BR projects in Singapore. These fieldworks were carried 
out through both interview and postal questionnaire methods. 
 
Since the knowledge acquisition exercise provided a comprehensive 
elucidation of the findings, the analysis will be divided into two chapters 
(Chapter 6 and 7). This chapter presents the results of the interviews. 
Chapter 7 presents the results of the questionnaire survey of BR contractors.  
6.2 Interviews 
Based on the literature review, it was found that there are hardly any 
publications on the selection of subcontractors for BR works; specifically 
where the main contractors in Singapore evaluate the performance of 
subcontractors. Even for general construction projects in Singapore, there is 
no consensus yet on a common set of evaluation criteria for subcontractor 
selection (Yeap, 2000).  
 
In order to capture the knowledge of the domain problems, industry 
interaction (fieldworks), which involved meetings with the domain experts 
(DEs), was carried out. The entire fieldwork involved 48 DEs. There were 6 
DEs involved for the first fieldwork, 37 DEs for the second fieldwork, and 5 
DEs for the last fieldwork. 
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6.2.1 Domain Experts Arrangement 
In the first fieldwork, the process of knowledge acquisition was conducted 
through three stages: the first stage was to prepare the interview and to 
contact the DEs; the second stage was to collect the knowledge of BR 
subcontractor selection by interviewing 6 DEs; and the third stage was to 
analyze, transform, and reformulate the knowledge.   
 
Both structured and unstructured interviews were adopted in consultation 
with the DEs. The purpose of the interviews was to allow the knowledge 
engineer to obtain deep-seated rules of the selection tasks. Before the 
structured interview was carried out, the unstructured interview was applied 
in the initial step of the meeting to explore the knowledge of the 
subcontractor selection process for a BR project.  
 
The DEs were selected based on the domain experts’ characteristics as 
Prerau (1990) suggested that the quality of DEs might be considered through 
their educational level, work experience, communication skills, cooperation 
availability, computer background, and willingness to cooperate in the KBS 
development. The quality of the DEs is critical for the success of KBS 
implementation (Yoon and Guimaraes, 1995; Prerau, et al, 1990), because 
they provide a wealth of knowledge and expertise on the subcontractor 
selection process.  
 
There is no consensus how many DEs should be interviewed in knowledge 
acquisition (Turban and Aronson, 2001). In previous studies, for instance, 
Ling (1998) interviewed 8 experts and Russell (1988) interviewed 4 experts. 
The quality of the knowledge base does not depend on the number of DEs 






The 6 qualified DEs were selected from senior staff positions in companies 
such as directors, project manager and contract managers. They have all had 
more than 7 years of construction experience, and had expertise particularly 
in subcontractor selection for BR projects. In addition, the respondents have 
Bachelor degrees in engineering; and four of them hold masters degrees in 
project/construction management. Through these backgrounds, the DEs 
should be able to formulate insights into the area that result in heuristics, 
which form the core of the KBS. 
 
In this initial study, the statistical validity was not a crucial issue. The initial 6 
DEs was not a critical consideration because the result of this present 
research did not depend solely on these interviews; the result of this 
fieldwork is a complement to the other three knowledge acquisition stages 
(literature review, questionnaires survey, and the third fieldwork).  
 
The 6 respondents were initially the result of selection based on the 
“laddering” technique where the 6 DEs were categorized into two task 
groups, namely primary and secondary DEs. They were interviewed in two 
steps. In the initial step, four DEs were interviewed, one expert as primary 
DE and three DEs as secondary DEs. The primary DE was selected based on 
his expertise, experience, educational background, communication skills, and 
his willingness to commit to the substantial amount of time and effort needed 
for his role in the SSDSS development. The primary DE was interviewed 
intensively to gain insight into the deep-seated rules of the subcontractor 
selection tasks. After the primary DE was interviewed, his expertise needed 
to be reviewed and refined.   
 
In the second step, 3 secondary DEs were interviewed individually. The aim 
of these interviews was to check the admissibility of the primary knowledge. 
Having interviewed the 3 secondary DEs, another new secondary expert (DE-
E) was added to the interview. This interview aimed again to check the 
acceptability of the knowledge captured. However, in this interview, the DE-E 
 121
expressed similar concepts of knowledge with the former DEs; no new 
knowledge (rules, concepts, and criteria) was articulated. This indicated that 
most of the knowledge was covered. Up to this step, 5 DEs had been 
interviewed. To confirm this indication, another new secondary DEs (DE-F) 
was interviewed, but similar results were also found; no new knowledge 
emerged. Therefore, in this stage, 6 DEs were interviewed, and it was 
assumed that the 6 DEs were sufficient to formulate the heuristic knowledge 
for the SSDSS. Beeston (1983) suggested that when the research result was 
found to be satisfactory and no longer interesting, there is no point in 
stretching the respondents further.     
6.2.2 Meeting with the Domain Experts 
The DEs were visited regularly to formulate the heuristics, and to gather the 
facts in more detail (e.g. list of factors driven, and other issues related to 
building refurbishment) and the process of know-how (knowledge rules) in 
selecting subcontractors.  
 
Besides face-to-face meetings, discussions via telephone were also 
conducted to clarify the interview results. Because the DEs’ work schedules 
were very tight, they avoided meeting in their offices. The advantage of 
these non-office venues was that it made the meeting atmosphere more 
relaxed. In the office environment, the meetings may often be interrupted, 
e.g. when answering telephones, visitors, or other duties.  
 
The discussions were carried out in a convenient atmosphere since the 
author knew the DEs personally. The relaxed atmosphere was a very 
important aspect to enable the DEs to express their views and opinions 
freely. Each interview ranged between 80 and 120 minutes; 30 minutes for 
the structured interview technique and the rest of the time for unstructured 
interviews. The unstructured interviews allowed the respondents to introduce 
whatever information they felt was relevant to the topic identified from the 
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literature review. Table 6.1 lists the background of the respondents, time 
schedules for interviews, and contact methods. 
 
Table 6.1 List of personnel contacted and time schedules of contacts 








30 July 2003 
1 August 2003 
10 August 2003 
20 September 2003 







1) Project Manager 







12 August 2003 
19 August 2003 
10 years 1) Director and  
2) Project Manager 
3) Master of PM.  





12 August 2003 




1) Project Manager 





12 August 2003 
13 August 2003 
 
11 years 1) Project Manager  






22 August 2003 












22 August 2003 
24 August 2003 
15 years Site Manager  
 






In order to interview effectively and to save time, the purpose and needs of 
the research were communicated to the DEs before the meeting through 
either: (1) telephone conversations, or (2) e-mail correspondences (they 
were sent a list of questions). This involved providing the DEs with the 
purpose of the knowledge acquisition session and overview of the session’s 
goal and agenda. In this way, a good rapport was created with the DEs. 
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6.2.2.1 Meeting with Primary DE 
The first meeting was done through interviewing the primary DE on 1st 
August 2003. The respondent was a senior project manager who had 15 
years of experience in the construction industry, and 70% of his experience 
was involved with the selection of subcontractors in BR projects. He also had 
basic IT skills and held a masters degree in construction management.  
 
 
Table 6.2 The Structured Interview  
1. An introduction and light conversation for “breaking the ice”. It includes getting 
information about the position of the interviewee in his/her firm, activities, and 
involvement with subcontractor selection. 
2. In selecting subcontractors, do you apply one-step tender, two-step tender, or 
negotiation?  
3. Does your company provide special guidelines for selecting subcontractors?  
4. What are the criteria that are considered when selecting subcontractors?  
5. Which of those criteria considered are more important than others? Could you 
rank these criteria in order?  
6. I have summarized some criteria for subcontractor selection from the literature 
review (see a criteria list). Do you agree with these criteria?     
7. If you agree with these criteria, do you have any idea how to evaluate these 
criteria? 
8. Do you think evaluating these criteria is relevant?    
9. Do you think the methods used currently for bid analysis are able to identify the 
most suitable and favorable subcontractor?  
10. Could you explain the chronology of the subcontractor selection process? You 
may draw flowcharts to illustrate the process. 
11. What type of problems, if any, have you experienced during the project 
execution period caused by the subcontractor not being able to carry out the job?  
12. Do you have any other comments related to the subcontractor selection 
process? 
Thank you very much for your cooperation.  
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After a short introduction, the conversation shifted to a discussion about the 
research project. A detailed description of the works of KBS and his 
experience on BR works was discussed in the meeting. Since the objectives 
of the interview and the research had been communicated in advance, the 
primary DE show-cased two tender documents to illustrate the analysis of his 
former projects. These documents helped the discussion to flow. In this 
meeting, a list of questions was also formulated for guiding the subsequent 
meetings with the secondary DEs. The list of questions developed is shown in 




















The second interview with the primary DE was carried out on 10 August 
2003, 10 days after the first meeting. Based on the literature review and 











Labor pool:        
Skilled labor     
Unskilled labor       
Illegal labor 
Figure 6.1 Typical subcontractor arrangements in Singapore 
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general situation of the sub-contracting system in Singapore was develop. 
This is shown in Figure 6.1. 
 
The second interview was to develop a pilot KBS for subcontractor selection 
and to insure that the system used logical and correct guidelines. In-depth 
discussions were carried out on the flowchart. In the meeting, the primary 
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Structural steel  
Figure 6.2 Typical current site organizations in BR project  
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The facts that were depicted in the flowchart in Figure 6.1 were concerned 
with the lower level of relationship, unclear identifications, responsibilities, 
and organization.  
 
Level 1: workers’ skills were generally unidentified; the welfare and safety of 
workers suffered from this because work gangs were disorganized and ad hoc 
in nature. 
Level 2:  lack of commitment to the sub-subcontractor; skill and quality is 
inconsistent due to their fluidity; some skilled workers emerged as kepalas; 
they were mostly illegal set-ups and paid little or no taxes and levies.    
Level 3: this is less fluid than the lower levels; agreements made with the 
main contractor were not easily enforceable.  
 
At this meeting, the primary DE showed the documents of a current project, 
namely for a hotel renovation project. The documents described the contract 
between the main contractor and the subcontractors, the scope and 
specifications of works, schedule of the project, drawings and other 
flowcharts. The detailed flowchart of the site organization that was used in 
the current project was printed in the project documents. He sketched the 
flowchart of the current site organization for this BR project as shown in 
Figure 6.2. 
 
These meetings yielded many rules and some information for further 
developent of the initial concept of KBS for subcontractor selection. All the 
interview responses were found to fall into one of the following three 
categories: 
1. What information was considered for selecting subcontractors? 
2. How was the information used to assess the four criteria? 
3. What strategies were employed to evaluate the criteria? 
 
After the second meeting with the primary DE, the secondary DEs were 
contacted for interview appointments. 
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6.2.2.2 Meeting with the Secondary DEs 
In the initial meetings with the secondary experts, three secondary DEs were 
interviewed. Their positions included one director (DE-B) and two project 
managers (DE-C and DE-D) of contractors’ firms. Each DE was interviewed 
individually at a different time and place. The structured interview was 
carried out based on the structured questionnaire that had been developed 
with the primary expert in the first meeting.  
 
A summary of the transcripts from previous meetings with the primary DE 
was brought to the meetings with the secondary DEs for review and 
refinement. The three secondary DEs observed and agreed with the 
summary. They made a suggestion on the flowchart in that the main 
contractor often recruited the foreign skilled labor not only through the 
subcontractors, but also directly.  
 
The DE-A, B, C, and D agreed to utilize the “negotiation” approach in the 
selection of subcontractors. On the other hand, the DE-E and F preferred to 
utilize the “one-stage” tender approach in that they believed it was an easy 
and simple method. The DE-C noted that the authority that made the final 
decision on which subcontractor to select, usually based it on the estimated 
subcontract price. For instance, the project manager in the site office would 
decide directly a subcontract package with less than S$100.000, while the 
senior manager or the directors of the company would decide larger 
contracts. The DEs acknowledged that they do not have written guidelines for 
subcontractor selection. The DE-A, B, and C, however, explained that their 
companies have an information system to record the track-records of the 
subcontractors who worked with them before. They mentioned that their 
directors often asked them to select subcontractors based on the 
relationships between the management and subcontractors. 
 
Most of the DEs utilized 4 to 8 criteria, and explained why the subcontractors 
were selected or rejected. They also concurred that the universal criteria 
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based on the literature reviewed were acceptable, but they expressed 
difficulties in measuring these criteria simultaneously because of time 
pressure. Only DE-A can explain how these criteria can be evaluated but he 
argued that these criteria might not be quantifiable through manual 
calculations because of time constraint. All the DEs demonstrated a keen 
interest in this research project.  
 
Table 6.3 shows the DEs and the evaluation criteria that they usually applied 
when selecting BR subcontractors. Besides the many similarities, they also 
have different opinions about the hierarchies of the criteria, as tabulated in 
Table 6.3. However, all DEs agreed that the weighting criteria could be 
dynamic; it depends on the project characteristics and economic situation. 
For example, when an economic crisis hits the construction industry, the 
most important criterion may be switched to the lowest priced quotation.  
 
Table 6.3 Criteria used and agreed by domain experts 
No Criteria used and agreed by domain experts Used by Domain experts 
1 Relationship with main contractor A, B, C, D, E, F 
2 Reputation or track record  A, B, C, E, F 
3 Experience working with similar works A, C, D, E, F  
4 Technical proposal A, B, C, E, F  
5 Quality of workmanship A, B, C, D 
6 Financial strength A, B, F 
7 Quotation price A, C, D, E, F 
8 Time to submit quotation A, E 
9 Work Duration Agreed   
10 Managerial ability Agreed  
11 Geographical office  Agreed  
12 Number of current contract works Agreed  
13 Health, safety and housekeeping program Agreed  
A = Primary DE      B, C, D, E and F = The secondary DEs  
 
The 6 DEs’ judgments were extracted and described below:  
Domain expert A stated that: the relationship between subcontractors and 
the main contractor was the most important factor, followed by the criteria of 
reputation, experience, technical proposal, quality of workmanship, financial 
stability, quotation price, and time needed to submit quotation. DE-A 
preferred to utilize the negotiation approach in selecting subcontractors. 
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Domain expert B stated that: the relationship between subcontractors and 
the main contractor was the most important factor, followed by the criteria of 
reputation, financial stability, technical proposal, and quality of workmanship. 
DE-B preferred to utilize the negotiation approach in selecting 
subcontractors. 
 
Domain expert C stated that: the relationship between subcontractors and 
the main contractor was the most important factor, followed by the criteria of 
reputation, experience, technical proposal, quality of workmanship, and 
quotation price. DE-C preferred to utilize the negotiation approach in 
selecting subcontractors. 
 
Domain expert D stated that: the relationship between subcontractors 
with the main contractor was the most important factor, followed by the 
criteria of experience, quality of workmanship, and quotation price. DE-D 
preferred to utilize the negotiation approach in selecting subcontractors. 
 
After interviewing the first four DEs, it can be assumed that the knowledge 
was covered comprehensively. To verify that the completeness of the 
knowledge was captured, two additional secondary DEs (called DE-E and DE-
F) were also interviewed separately as follow:  
 
Domain expert E stated that: the reputation of subcontractors was the 
most important factor, followed by the criteria of quotation price, time 
needed to submit quotation, relationship between main contractor and 
subcontractor, experience, and technical proposal. DE-E preferred to utilize 
the competitive tender approach in selecting subcontractors.  
 
Domain expert F stated that: the quotation price of the subcontractors 
was the most important factor, followed by the criteria of financial stability, 
relationship between main contractor and subcontractor, experience, and the 
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technical proposal. DE-F preferred to utilize the competitive tender approach 
in selecting subcontractors.  
 
However, they also expressed the same comparable opinions with the former 
DEs; there was no new knowledge found, and they proposed fewer criteria 
than the other DEs. Since the additional two DEs did not express new 
knowledge, this appears to indicate that the comprehensive knowledge was 
captured.  
 
As shown in Table 6.4, eight main criteria were agreed upon by the DEs. 
These were included in their decisions for the selection of subcontractors. 
However, every DE has different opinions on the importance of the eight 
criteria which were presented in the DE columns of Table 6.4. In these 
columns, the smaller the numbers, the more important the criteria would be. 
Furthermore, the DEs disagreed in their tender strategies as to whether the 
competitive or negotiation methods should be applied. The notation “C” 
symbolizes the competitive method and “N” for negotiation.  
 
Table 6.4 Knowledge captured from the domain experts 
                   Domain Experts No Criteria used by domain experts and their 
indices DE-A DE-B DE-C DE-D DE-E DE-F 
1 Relationships with main contractor 1 1 1 1 4 3 
2 Reputation/ track record 2 2 2  1  
3 Experience with similar works  3  3 2 5 4 
4 Technical proposal 4 4 4  6 5 
5 Quality of workmanship 5 5 5 3   
6 Financial stability 6 3    2 
7 Quotation price 7  6 4 2 1 
8 Time to submit quotation 8    3  
9 Competition (C) or negotiation (N) N N N N C C 
1 to 7 = the weighting criteria (1 = the highest priority and 7 = the lowest priority)                   
C & N = tender strategies (C= Competition and N = Negotiation) 
 
These meetings helped to confirm that it was possible to construct a KBS 
prototype for subcontractor selection in BR projects.  
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6.2.2.3 Regular Consultations with the Primary DE  
The interval between the last meetings with the secondary DEs and the first 
regular consultation with the primary DE took nearly a month. This was 
because the work needed to develop even a small prototype of the KBS, 
coding the transcripts and drawing the program flowchart was time 
consuming and tedious. 
 
Table 6.5 Example of excerpt of line-by-line transcription 
Knowledge Acquisition: # 05 
Domain Expert: E  
Session Type: Face-to-face Interview 
 
Date:  




































KE: In selecting subcontractors, do you apply one-step or 
two- step tender? 
 
DE: We always use one-step tendering because it is quite 
simple, it also needs less time than other. 
 
 




DE: Well…there are no standard criteria for the 
subcontractor selection. The first criteria considered are 
the track record then ……. quotation price, the lowest 
price is the more favorable. Our firm always asking to 
make more profit to the company. We consider also other 
criteria such as how long he can finish the works, 
friendship, past experience, his proposal, and time to 
submit their quotation. Submission time is very important 
because the time to select subcontractor is very limited. 
We are also pressured by the client to prepare the main 
contract quotation. 
 
KE: Based on the literature review, there are more criteria 
usually used in subcontractor selection like these…are you 
agreeable with these criteria? 
 
DE: Yes, I agree for complement of the price, but how to 
evaluate those criteria? We are difficult to measure them, 
and we do not have time for such calculations.     
Etc. 




Reason: simple, less time  
 
 





quotation price, duration, 
friendship (relationship), 
experience, technical 
proposal, submission time.  
 




















































View the quotation price first, then the subcontractors’ performances  
 
Quotation price:  1 2 3 4 5  
Work Duration: 1 2 3 4 5 
Relationship with our company: 1 2 3 4 5 
Time to submit quotation: 1 2 3 4 5 
Technical proposal: 1 2 3 4 5 
Experience working with the subcontractors: 1 2 3 4 5 
Quality of workmanship: 1 2 3 4 5 
Managerial ability: 1 2 3 4 5 
Financial strength: 1 2 3 4 5 
Geographical office: 1 2 3 4 5 
Number of current contract works: 1 2 3 4 5 
Safety program: 1 2 3 4 5 
 
Price: 1 = Lowest = 10%<est.       5 = Highest = 10%> est. 
Work Duration: 1 = Lowest = 10%<est.     5 = Highest = 10%> est.  
Relationship: 1 = well known staff.      5= Highest = Unknown 
Etc. 
 
Did the candidate submit the price?  
IF the price = something <1, 2, 3, 4, 5> 
THEN  the price is the lowest 
AND the subcontractor qualified 
 
Did the candidate state the duration? 
IF the duration = something <1, 2, 3, 4, 5> 
THEN the duration is poor 
AND the subcontractor disqualified 
 
Continue? 
IF yes then go to the next 
OR Stop.  
 
The subcontractor submits low price and good relationship. 
The lowest quotation price is favorable, and then checks in order the 
duration, relationship, proposal, managerial, technical, workmanship etc. 
Then sum up the scores. The higher the scores, the better the 




The coding was initiated by evaluating the recorded interviews and then 
transferring these into a transcript. Table 6.5 shows an example of a 
transcript (excerpt of the interviews). After that, the transcript was analyzed 
and transferred into knowledge rules as shown in Table 6.6.  
 
After the knowledge rules were formulated, the rules were stored in 
knowledge base. Writing a computer program with conventional 
programming language is flexible but time consuming. During this time, the 
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primary DE was always consulted via telephone for clarification whenever 
necessary. Four weeks were spent writing, debugging and revising the 
prototype software. 
 
In the early stage, the Graphical User Interface (GUI) system was also 
constructed. The GUI should be designed early and developed in parallel with 
the development of the KBS (see Chapter 3). The primary DE was excited to 
participate in simulating the KBS prototype results, and he gave valuable 
suggestions on the GUI performance of the prototype software. 
 
6.2.2.4 The Selection Process  
The DEs provided valuable knowledge of the BR subcontractor selection 
process. The DEs’ judgments (knowledge) regarding the process of 
subcontractor selection, especially on how to obtain and evaluate the 
subcontractor quotations were extracted and described below.  
 
The DEs expressed that the following most common procedures were used in 
the selection of BR subcontractors. The process may differ for different 
situations, but the primary steps are similar. Obtaining subcontractor 
quotations consisted of two steps: subcontractor’s enquires and receiving the 
quotations. In this case, the subcontractor is assumed to be delivering the 
laborers and materials. 
Subcontractor’s Enquires 
In issuing an enquiry contract with a subcontractor, the main contractor 
should ensure that the following details are explicitly described and are 
agreed in writing. These should preferably form part of the quotation and 
part of the contract that will be agreed upon between the main contractor 





The components of the quotation to be checked should include the following: 
1. The sub-contract program should be stated in a reasonably detailed 
format, giving a realistic work sequence and a schedule program.  
2. The contract stage at which the service is required and the 
subcontractor’s commitments on either side of this date should be stated 
so that necessary changes in the schedule can be made as smoothly as 
possible.  
3. The subcontractor’s responsibilities relating to other high-quality work 
should be stated.  
4. The quotation covers the actual materials stated in the drawings.  
5. The materials meet the standards described in the specifications. 
6. The quantity is appropriate to the total quantities that will be required in 
the works.  
7. The delivery period and program meet the time required for incorporation 
into the works.  
8. The discount rate (where applicable) is not less than the normal market 
rate.  
9. The trading conditions and terms of payment are acceptable. 
10. The time limit that may be applied to the acceptance of the supplier’s 
offer is acceptable. 
11. Whether the material is offered on a firm price basis or at prices that 
prevail at the date of delivery. 
12. The arrangements relating to the supply of equipment, access ways, 
storage facilities, etc. must be agreed upon. 
13. Where the responsibility lies for the provision of water, power and any 
other services must be made clear. 
14. Specific instructions from the client regarding materials that will be used 
or adopted for the works must be given. 
15. Facilities for inspection by the main contractor’s representatives must be 
provided before the beginning of the contract. 
16. Responsibility for informing the appropriate body when work has to be 
inspected at various stages must be determined. 
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17. Control information must be provided regularly by the subcontractor on 
site. 
18. Site safety and industrial relation requirements must be followed. 
 
The above information is primarily obtained by the estimator from the main 
contract documents and the construction program. Appropriate sections of 
the conditions of contract and specifications are usually copied directly from 
the main contract documents and forwarded to the subcontractor with copies 
of the drawings. A detailed abstract from the contract program may be 
necessary to ensure that the subcontractor is fully aware of the period he is 
required on site, the production levels needed and the interaction with other 
subcontractors. As the subcontractors’ enquiries are sent out as early as 
possible, this will, in the first instance, be the outline or preliminary 
construction program. As the construction program becomes fully developed, 
a more detailed program can be forwarded to the subcontractors who are 
preparing their quotations. Standard letters and subcontractor enquiry forms 
are used to speed up the dissemination of information and to ensure that no 
basic contractual details are omitted.  
Receiving Quotations 
On receipt of the subcontractors’ quotations, the main contractor is required 
to check that all the items have been priced correctly in accordance with the 
units of measurement required. The selection of the subcontract price that is 
to be included in the estimation value is not necessarily a question of finding 
the cheapest price. Consideration about the subcontractor and any 
qualifications that may have accompanied the quotation should also be given. 
However, the time available for these selection tasks is very limited. 
 
A diagram representing the whole process for the tender of main contracts 
and subcontracts is presented in Figure 6.3. Although the flowchart presents 
a simplification of the whole tender process, it clearly shows the time 
pressure in the decision-making process. Because of this pressure, the main 
contractor faces many difficulties in having to evaluate many decision criteria 
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Most contractors established themselves through undertaking the type of 
work they normally subcontract; this allows them to rationalize some of the 
financial risks. However, the absence of a direct financial risk in subcontract 
works is not total security because of the indirect risks of losses caused by 
Time for making decisions 
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Figure 6.3 A simplified flowchart of the whole tender process  
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delays and disruptions to the main works if the subcontractors default. For 
this reason, the effective control of subcontract operations is important and 
this control begins with the selection of the subcontractors themselves. 
 
The survey results showed the attributes for subcontractor selection that the 
respondents preferred. They preferred to utilize as many as these attributes 
as possible, and qualitative factors contributed to most of the weights of 
these attributes. They expressed difficulties to consider these 
criteria/attributes simultaneously because of time consuming. These factors 
were difficult to measure without an appropriate automation tool, namely the 
KBS.  
   
Chapter 7 
FINDINGS AND ANALYSIS ON QUESTIONNAIRE RESULTS 
7.1 Introduction 
This chapter forms the second part of the knowledge acquisition stage. It 
presents the results of the questionnaires’ survey of BR contractors. The 
purpose of this fieldwork is to check for the admissibility of criteria that main 
contractors should consider when deciding on which subcontractors to select 
for BR projects.  
 
Since more than one domain expert (DE) participated, some disagreements 
in the weighting criteria may occur. Turban and Aronson (2001) mentioned 
that aggregating knowledge from several DEs is a difficult task. Most 
knowledge engineers agreed that if knowledge acquisition with a single 
expert can be described as a bottleneck, then acquisition from multiple 
experts has the potential to become an even more arduous task (McGraw 
and Briggs, 1989).  
 
Based on the previous stage of knowledge acquisition (the literature review 
and DEs interviews) on the existing practices of BR-subcontractors, it was 
revealed that the existence of various criteria were as agreed in previous 
studies and by the DEs but there was no consensus as yet on a common set 
and weighting of criteria for BR subcontractor selection. The weighting of the 
selection criteria was derived from the questionnaire survey. The primary 
objective of the questionnaire was to examine the criteria identified and their 
relative importance. 
7.2 Questionnaire Results 
This section presents results of the survey questionnaire. The first step in 
processing the data was to edit the data to ensure its completeness, 
consistency and reliability (Vaus, 2002; Levine, et al, 1999). After the 
responses were edited, the data was coded so that it could be classified and 
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processed readily by the computer. This code was also used to preserve the 
confidentiality of the data sources. Due to the complexity of data calculations 
and analysis, the data was recorded in a personal computer and analyzed by 
using the SPSS statistical software package (SPSS Version 11.00). 
7.2.1 Response Rates 
Based on various sources of contractors (Office Estate Development, National 
University of Singapore (OED-NUS), Ministry of Education, Singapore 
Polytechnic, and Singapore Contractors Association Ltd. (SCAL) contractor’s 
directory), 135 contractors were identified as potential respondents. 
According to these sources, these contractors have the experience in 
handling BR projects.  
 
The first questionnaire was sent on 3 October 2003 and the respondents 
were requested to respond by 31 October 2003. However, at the end of 
October, the source from OED-NUS provided more names of contractors who 
had engaged in renovation projects in the NUS Campus. Hence, another 16 
questionnaires were sent on 1 November 2003 and the contractors were 
requested to respond by 17 November 2003. In anticipation of delays, a one-
week extension was given to the respondents to reply. From 8 October to 24 
November 2003, 47 responses were received from the contractors. Table 7.1 
shows the details of the responses.  
 
Table 7.1 Contractors’ responses 
Description Number  Percentage 
Survey forms sent on 3 October and 1 
November 2003  
135 100% 
Survey forms returned by 24 November 
2003 
47 35% 
Usable responses 41 87% 
Unusable responses 6 13% 
     
 
The overall response rate, at 35%, was quite acceptable when compared with 
other surveys in the AEC field. Six responses were unusable because four 
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firms responded that they could not participate in the survey because of slow 
business. The other two contractors explained that they could not participate 
because they had just moved to a new office. The unusable responses may 
be related to the situation in the construction industry in Singapore that was 
affected adversely by the economic downturn in the Asian region. 
7.2.2 Reliability of Survey Results 
The data analysis started by analyzing the characteristics of the data to 
check for the reliability of the survey results.      
7.2.2.1 Company Size  
The respondents were general building contractors. The respondents 
represented all of the financial classifications in the Building and Construction 
Authority’s (BCA) registry of contractors (A1, A2, B1, B2, C1, C2, and C3). 
For the statistical analysis, the respondents were grouped into small 
companies for C1, C2, and C3; medium companies for B1 and B2; and large 
companies for A1 and A2. Figure 7.1 indicate the company size (based on the 
financial classification).  
































The responses received from large and medium-sized contractors were 46% 
and 26% respectively. Small-sized firms represented 29% of the total 
number of firms that participated in the questionnaire survey. Hence, the 
respondents represented a significant proportion of the contractors in the 
BCA contractor registry. 
7.2.2.2 Position of Respondents 
More than half of the respondents who participated in the survey held senior 
positions in their firms. Figure 7.2 shows the respondents’ positions in all the 
firms that participated in the survey. 54% of the respondents were directors; 
29%, 3%, and 14% of the respondents were project managers, site 
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Figure 7.2 Position of respondents in the firms 
7.2.2.3 Years of Experience in Refurbishment Works 
More than 70% of the respondents have more than 10 years of experience in 
BR works. Twenty-three percent of the respondents have between 5-10 
years of experience in BR works, and only about 6% of the respondents have 
less than 5 years of experience in BR works. Figure 7.3 indicates the percent 
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Figure 7.3 Number of years of experience in BR works 
The seniority and background experience of the respondents would help to 
make the survey dependable, and the views expressed by the respondents 
were therefore significant. 
7.2.3 Comments and Additional Attributes 
Most of the respondents did not fill in the open question to provide additional 
attributes that they may consider when selecting BR subcontractors. Only 5 
respondents provided comments on the questionnaires. The comments 
mostly stressed that the most important factors for subcontractor selection 
were the track records and reputation of the subcontractors (Dulung and 
Low, 2005). One of the respondents expected the subcontractors to offer a 
low price. Most of them commented that prompt service was important. 
7.3 Statistical Analysis  
According to statistical conventions, the data analysis would consist of 
descriptive and inferential statistics. Descriptive statistics are used to 
describe variability of the data, such as mean, range, mode, standard 
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deviation and variance. The data is interpreted further through inferential 
statistics to infer from a smaller group of data (sample) to provide a forecast 
for a possibly larger group (population). 
 
Before discussing the influencing variables, it is important to present the 
findings of current decision-making practices used by main contractors in 
selecting subcontractors for BR works. The results showed that almost all the 
respondents (89%) have a pool of subcontractors from which the firms 
regularly select to carry out the subcontracting works. Figure 7.4 shows the 
methods used by the respondents to select the BR subcontractors. However, 
the interviews indicated that although they maintained the pool, they also 
considered new subcontractors from time to time in order to keep up with 
the competition.     
 
More than half the respondents replied that they have a written policy which 
serves as guidance in the subcontractor selection process. However, 86% of 
the respondents answered that they did not employ a specific computer tool 
to support data processing for the selection of subcontractors. Furthermore, 
71% of the respondents utilized group decision-making based on informal 
discussions, experience and intuition. These findings indicated that the 
decisions made for the selection of subcontractors were mainly evaluated 
manually and with inputs from more than one decision-maker. Since most of 
them did not utilize a special decision support system, they tended to make 
decisions through unstructured and unsystematic ways, and consequently, 
the decisions made may be ineffective and inconsistent. 
 
From the selection of importance scores (1 to 5), most of the respondents 
considered all criteria to be important. However, exact ranking of the 
weighting criteria and the statistical analyses were needed to check and 
calculate the mean important rating of the decision criteria. Statistical 
















































Pool  Policy Computer  Decision types













Figure 7.4 Methods used for decision-making  
7.3.1 Testing the Hypotheses 
After calculating the mean importance ratings, the important attributes 
according to the BR contractors’ inputs were assessed. Statistical tests of the 
mean were carried out to check whether the population would consider the 
attributes to be important or otherwise. This test aims to test the research 
hypotheses.  
As mention in Chapter 2, this present research is based on the general 
hypothesis that: 
There is a combination of criteria, apart from price, which main contractors 
should consider when selecting subcontractors for BR projects.  
 
This general hypothesis is elaborated in three main hypotheses as follows: 
H1. Main contractors select subcontractors for BR projects based on the 
project specifications. 
H2. Main contractors select subcontractors for BR projects based on the 
subcontractor’s profile. 
H3. Main contractors select subcontractors for BR projects based on their 
special considerations. 
 144
 From the table of critical values of t-distribution, for degrees of freedom = 40 
(41-1), and the level of significance for a one-tailed test at 0.05, the t value 
was 1.684. This meant that if the calculated t value was larger than 1.684, 
the null hypothesis, which the attribute was unimportant, was rejected and 
the alternative hypothesis was accepted. The t values of the statistical tests 
of the main ratings by BR contractors were calculated using Equation A1.7. 
(Appendix 1).  
7.3.1.1 Hypothesis 1: Main contractors select subcontractors for BR projects 
based on the project specifications 
 
The results of the survey of BR contractors relating to the attributes 
identified under the project specifications factor are shown in Table 7.2. 
Table 7.2 Respondents’ survey results relating to Project Specifications 
Number of responses Criteria and Attributes 








subcontractors for BR 
projects based on the 
competitiveness of the 
price 
0 2 7 13 19 4.20 0.90 8.50 
(H1.1.2) Main 
contractors select 
subcontractors for BR 
projects based on the 
discount price rate 
0 3 15 10 13 3.80 0.98 5.26 
(H1.1.3) Main 
contractors select 
subcontractors for BR 
projects based on the 
price rate consistency 
0 0 10 20 11 4.02 0.72 9.06 
(H1.1.4) Main 
contractors select 
subcontractors for BR 
projects based on the 
terms of payment 
0 1 7 23 10 4.02 0.72 9.06 




subcontractors for BR 
projects based on the 
project duration 
 




subcontractors for BR 
projects based on the 
appropriate schedule of 
construction  
1 0 5 21 14 4.14 0.83 8.91 
(H1.2.3) Main 
contractors select 
subcontractors for BR 
projects based on the 
appropriate schedule of 
construction  
0 2 10 21 8 3.86 0.79 6.9 
(H1.3) Main contractors select subcontractors for BR projects based on the technical 
proposal 
(H1.3.1) Main contractors 
select subcontractors for 
BR projects based on the 
shop drawings 
0 0 7 19 15 4.20 0.71 10.71 
(H1.3.2) Main contractors 
select subcontractors for 
BR projects based on the 
construction methods 
0 0 9 20 12 4.09 0.72 9.53 
(H1.3.3) Main contractors 
select subcontractors for 
BR projects based on the 
materials/equipment used 
0 0 8 23 10 4.06 0.67 10.04 
(H1.3.4) Main contractors 
select subcontractors for 
BR projects based on the 
project quality plans 
0 1 16 14 10 3.80 0.84 6.11 
(H1.3.5) Main contractors 
select subcontractors for 
BR projects based on the 
appropriate health, safety 
and house keeping 
programs 
0 0 15 17 9 3.86 0.76 7.19 
 
 
Hypothesis H1.1: price specifications 
Four attributes were identified under price specifications as follow: 
1. Competitiveness of the price 
2. Discount price rate 
3. Price rate consistency 
4. Terms of payment 
 
As shown in Table 7.2, the t-tests of the means showed that BR contractors 
considered the four attributes as important for subcontractor selection. It can 
therefore be concluded that the following hypotheses may be supported: 
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H1.1.1: Main contractors select subcontractors for BR projects based on the 
competitiveness of the price. 
H1.1.2: Main contractors select subcontractors for BR projects based on the 
discount price rate. 
H1.1.3: Main contractors select subcontractors for BR projects based on the 
price rate consistency. 
H1.1.4: Main contractors select subcontractors for BR projects based on the 
terms of payment. 
 
These findings were consistent with the common reasons cited by main 
contractors in conventional procurement where the lowest price was often 
the most dominant criterion (Kumaraswamy and Walker, 1999; Hatush and 
Skitmore, 1997). In order to minimize production costs, an organization 
needs to ensure that the resources used to produce the output were obtained 
from the lowest possible prices. By choosing the lowest price, the main 
contractors are expecting to maximize profit because the quotation price will 
become part of the main contract price, which will in turn affect the latter’s 
competitiveness. 
 
Hypothesis H1.2: time specifications 
Three attributes were identified under the criterion of time specifications as 
follow: 
1. Project duration 
2. Maintenance schedule 
3. Construction time schedule 
 
As shown in Table 7.2, the t-tests of the means showed that BR contractors 
considered the three attributes as important for subcontractor selection. It 
can therefore be concluded that the following hypotheses may be supported: 
H1.2.1: Main contractors select subcontractors for BR projects based on the 
project duration. 
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H1.2.2: Main contractors select subcontractors for BR projects based on the 
maintenance schedule. 
H1.2.3: Main contractors select subcontractors for BR projects based on the 
construction time schedule. 
 
Hypothesis H1.3: quality of technical proposal 
Five attributes were identified under the criterion of the quality of technical 
proposal as follow: 
1. Shop drawings 
2. Construction methods 
3. Materials/equipment used 
4. Project quality plans 
5. Appropriate health, safety and house keeping programs 
 
As shown in Table 7.2, the t-tests of the means showed that BR contractors 
considered the five attributes as important for subcontractor selection. It can 
therefore be concluded that the following may be supported: 
H1.3.1: Main contractors select subcontractors for BR projects based 
on the shop drawings. 
H1.3.2: Main contractors select subcontractors for BR projects based on the 
construction methods. 
H1.3.3: Main contractors select subcontractors for BR projects based on the 
materials/equipment used. 
H1.3.4: Main contractors select subcontractors for BR projects based on the 
project quality plans.  
H1.3.5: Main contractors select subcontractors for BR projects based on the 
appropriate health, safety and house keeping programs. 
 
The quality of a proposal that includes time specifications is important criteria 
because the main contractor will consider how robust a subcontractor’s 
proposal is in its delivery. The proposal is related to the quotation price, 
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managerial and technical offers, and often reflects the way subcontractors 
manage the project risks (Kashiwagi and Byfield, 2002a).  
 
A common approach for evaluating the subcontractor’s product and service 
offerings is based on cost, time and quality (Kagioglou et al, 2001; 
Rowlinson, 1999). A project may be regarded as successful when the building 
is delivered at the right time, at an appropriate price and quality standard. It 
should also provide the client with a high level of satisfaction (Love et al, 
1998).  
7.3.1.2 Hypothesis 2: subcontractor’s profile 
The results of the survey of BR contractors relating to the attributes 
identified under the subcontractors’ profile factor are shown in Table 7.3. 
 
 
Table 7.3 Respondents’ survey results relating to Subcontractors’ Profile 
Number of responses Criteria and Attributes 
#1 #2 #3 #4 #5 
ah s t 
value 
(H2.1) Main contractors select subcontractors for BR projects based on the 
organization characteristics 
(H2.1.1) Main contractors 
select subcontractors for BR 
projects based on the 
reputation 
0 2 14 19 6 3.71 0.78 5.79 
(H2.1.2) Main contractors 
select subcontractors for BR 
projects based on the age of 
the company 
0 4 20 13 4 3.40 0.81 3.30 
(H2.1.3) Main contractors 
select subcontractors for BR 
projects based on their 
responsiveness 
0 0 5 18 18 4.31 0.69 12.28 
(H2.2) Main contractors select subcontractors for BR projects based on their 
personnel qualifications 
(H2.2.1) Main contractors 
select subcontractors for BR 
projects based on their 
related certificates 




(H2.2.2) Main contractors 
select subcontractors for BR 
projects based on their 
related experience 
0 0 9 25 7 3.94 0.63 9.66 
(H2.2.3) Main contractors 
select subcontractors for BR 
projects based on their 
technical ability 
0 0 6 25 10 4.09 0.62 11.25 
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H2.3 Main contractors select subcontractors for BR projects based on their financial 
performance 
(H2.3.1) Main contractors 
select subcontractors for BR 
projects based on their bank 
references 
2 0 21 12 6 3.49 0.93 3.38 
(H2.3.2) Main contractors 
select subcontractors for BR 
projects based on their 
profitability history 
1 2 29 7 2 3.17 0.70 1.55 
(H2.3.3) Main contractors 
select subcontractors for BR 
projects based on their 
workload 
0 0 8 24 9 4.02 0.65 10.07 
H2.4 Main contractors select subcontractors for BR projects based on their relevant 
experience 
(H2.4.1) Main contractors 
select subcontractors for BR 
projects based on the type of 
their past works 
0 1 12 19 9 3.88 0.78 7.20 
(H2.4.2) Main contractors 
select subcontractors for BR 
projects based on the size ($) 
of their past works 
0 4 16 16 5 3.54 0.84 4.09 
(H2.5) Main contractors select subcontractors for BR projects based on the 
references to their past performance 
(H2.5.1) Main contractors 
select subcontractors for BR 
projects based on their 
number of references 
0 0 0 6 35 4.87 0.36 33.17 
(H2.5.2) Main contractors 
select subcontractors for BR 
projects based on their 
completed past contracts 
0 0 5 20 16 4.20 0.93 8.25 
(H2.5.3) Main contractors 
select subcontractors for BR 
projects based on their 
contracts completed on time 
0 0 3 22 16 4.31 0.61 13.83 
(H2.5.4) Main contractors 
select subcontractors for BR 
projects based on their 
contracts completed on 
budget 
0 0 6 25 10 4.08 0.62 11.25 
(H2.5.5) Main contractors 
select subcontractors for BR 
projects based on the legality 
of their past works 
0 2 6 17 16 4.14 0.85 8.60 
(H2.5.6) Main contractors 
select subcontractors for BR 
projects based on their 
health, safety and house 
keeping programs 
0 1 10 19 11 3.97 0.79 7.91 
(H2.5.7) Main contractors 
select subcontractors for BR 
projects based on their closed 
cooperation and coordination 
 
 
0 0 2 18 21 4.46 0.60 15.73 
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(H2.5.8) Main contractors 
select subcontractors for BR 
projects based on their 
knowledge of design and 
regulations 
0 0 5 24 12 4.17 0.63 11.93 
(H2.5.9) Main contractors 
select subcontractors for BR 
projects based on the quality 
of their past works 
0 0 10 17 14 4.09 0.77 9.15 
(H2.5.10) Main contractors 
select subcontractors for BR 
projects based on the quality 
of their past workmanship 
0 1 9 18 13 4.06 0.80 8.35 
(H2.5.11) Main contractors 
select subcontractors for BR 
projects based on the skills of 
their operators 
0 2 6 24 9 3.97 0.76 8.24 
(H2.5.12) Main contractors 
select subcontractors for BR 
projects based on their past 
financial performance 
0 1 18 19 3 3.60 0.67 5.60 
(H2.5.13) Main contractors 
select subcontractors for BR 
projects based on their 
honesty and integrity 
0 0 6 25 10 4.09 0.62 11.25 
 
 
Hypothesis H2.1: organization characteristics 
Three attributes were identified under the criterion of organization 
characteristics as follow: 
1. Company reputation 
2. Company age 
3. Responsiveness 
 
As shown in Table 7.3, the t-tests of the means showed that BR contractors 
considered the three attributes as important for subcontractor selection. It 
can therefore be concluded that the following hypotheses may be supported: 
H2.1.1: Main contractors select subcontractors for BR projects based on the 
company’s reputation. 
H2.1.2: Main contractors select subcontractors for BR projects based on the 
age of the company. 
H2.1.3: Main contractors select subcontractors for BR projects based on their 
responsiveness. 
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 Hypothesis H2.2: personnel qualifications 
Three attributes were identified under the criterion of personnel qualifications 
as follow: 
1. Related degrees or certificates 
2. Relevant experience 
3. Technical abilities 
As shown in Table 7.3, the t-tests of the means showed that BR contractors 
considered two attributes (relevant experience and technical ability) as 
important and a “related degree” as an unimportant attribute for 
subcontractor selection. It can therefore be concluded that the following 
hypotheses may be supported: 
H2.2.2: Main contractors select subcontractors for BR projects based on their 
related experience. 
H2.2.3: Main contractors select subcontractors for BR projects based on their 
technical abilities. 
The hypothesis “H2.2.1: Main contractors select subcontractors for BR 
projects based on their related certificates” was rejected as it was considered 
to be an unimportant attribute. 
 
Hypothesis H2.3: financial performance 
Three attributes were identified under the criterion of financial performance 
as follow: 
1. Bank references 
2. Profitability history 
3. Current workload 
 
As shown in Table 7.3, the t-tests of the means showed that BR contractors 
considered two attributes (bank references and current workload) as 
important and one attribute (profitability history) as unimportant for 
subcontractor selection. It can therefore be concluded that the following 
hypotheses may be supported: 
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H2.3.1: Main contractors select subcontractors for BR projects based on their 
bank references. 
H2.3.3: Main contractors select subcontractors for BR projects based on their 
current workload. 
The hypothesis “H2.3.2: Main contractors select subcontractors for BR 
projects based on their profitability history” was rejected as it was considered 
to be an unimportant attribute. 
 
Hypothesis H2.4: relevant experience 
Two attributes were identified under the criterion of relevant experience as 
follow: 
1. Similar type of projects to the proposed work 
2. Similar size ($) of projects to the proposed work  
 
As shown in Table 7.3, the t-tests of the means showed that BR contractors 
considered the two attributes as important for subcontractor selection. It can 
therefore be concluded that the following hypotheses may be supported: 
H3.4.1 Main contractors select subcontractors for BR projects based on the 
type of their past works. 
H3.4.2 Main contractors select subcontractors for BR projects based on the 
size ($) of their past works. 
 
Hypothesis H2.5: past performance 
Thirteen attributes were identified under the criterion of past performance as 
follow: 
 
1. Number of references 
2. Always completing past contracts 
3. Completing past contracts on time  
4. Completing past contracts on the original budget  
5. Never engaged in illegal and fraudulent activities before 
6. No fatal accident on any site under its control in the last 3 years 
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7. Showing close cooperation and coordination 
8. Showing good knowledge of design and regulations 
9. Producing good quality in past works 
10. Employing high quality workmanship in past projects 
11. Employing highly skilled operators in past projects 
12. Showing stable financial performance 
13. Showing integrity/honesty 
 
As shown in Table 7.3, the t-tests of the means showed that BR contractors 
considered the thirteen attributes as important for subcontractor selection. It 
can therefore be concluded that the following hypotheses may be supported: 
H2.5.1: Main contractors select subcontractors for BR projects based on their 
number of references.  
H2.5.2 Main contractors select subcontractors for BR projects based on their 
completed past contracts. 
H2.5.3 Main contractors select subcontractors for BR projects based on their 
contracts completed on time. 
H2.5.4 Main contractors select subcontractors for BR projects based on their 
contracts completed on budget. 
H2.5.5 Main contractors select subcontractors for BR projects based on the 
legality of their past works. 
H2.5.6 Main contractors select subcontractors for BR projects based on their 
health, safety and house keeping programs. 
H2.5.7 Main contractors select subcontractors for BR projects based on their 
closed cooperation and coordination. 
H2.5.8 Main contractors select subcontractors for BR projects based on their 
knowledge of design and regulations. 
H2.5.9 Main contractors select subcontractors for BR projects based on the 
quality of their past works.  
H2.5.10 Main contractors select subcontractors for BR projects based on the 
quality of their past workmanship. 
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H2.5.11 Main contractors select subcontractors for BR projects based on the 
skills of their operators. 
H2.5.12 Main contractors select subcontractors for BR projects based on their 
past financial performance. 
H2.5.13 Main contractors select subcontractors for BR projects based on their 
honesty and integrity. 
The above findings are consistent with the view that data on subcontractors’ 
profiles are essential for performing an evaluation (Kashiwagi and Bayfield, 
2002a). Because the contract has not started, the service that will be 
provided cannot be evaluated yet. In practice, the decision-maker (main 
contractor) can only judge the performance of the subcontractor candidates 
through the characteristics and the past performance of the subcontractors 
(Kashiwagi and Bayfield, 2002a). Performance measurement means the 
process of determining how successful organizations or individuals have been 
in attaining their objectives (Kagioglou, et al, 2003; Evangelidisz, 1992). 
7.3.1.3 Hypothesis 3: special considerations 
The special consideration factor is qualitative aspects. The results of the 
survey of BR contractors relating to the attributes identified under special 
considerations are shown in Table 7.4. 
 
Table 7.4 Respondents’ survey results relating to Special Considerations 
Number of responses Criteria and Attributes 




(H3.1) Main contractors select subcontractors for BR projects based on their 
qualitative aspects  
(H3.1.1) Main contractors 
select subcontractors for BR 
projects based on their similar 
culture  
0 2 14 17 8 3.74 0.83 5.83 
(H3.1.2) Main contractors 
select subcontractors for BR 
projects based on their 
relationships 
1 5 14 14 7 3.51 1.00 3.27 
(H3.1.3) Main contractors 
select subcontractors for BR 
projects based on their trust.  
0 0 7 19 15 4.20 0.71 10.71 
(H3.1.4) Main contractors 
select subcontractors for BR 
projects based on their 
communication abilities 
0 0 13 22 6 3.83 0.67 7.96 
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 Hypothesis H3.1: qualitative aspects 
Four attributes were identified under the criterion of qualitative aspects as 
follow: 





As shown in Table 7.4, the t-tests of the means showed that BR contractors 
considered the four attributes to be important for subcontractor selection. It 
can therefore be concluded that the following hypotheses may be supported: 
H3.1.1: Main contractors select subcontractors for BR projects based on their 
similar culture. 
H3.1.2: Main contractors select subcontractors for BR projects based on their 
relationships. 
H3.1.3: Main contractors select subcontractors for BR projects based on their 
trust. 
H3.1.4: Main contractors select subcontractors for BR projects based on 
their communication abilities.  
 
The above findings were consistent with experts’ views that some of the 
decisions could be based on subjective (qualitative) rather than objective 
criteria. Some previous studies of selection criteria have also included 
qualitative factors that arose because of the increasing importance of 
economic globalization (Walker, et al, 2003; Rahman, et al, 2002; Dzever et 
al, 2001; Barthorpe et al, 1999; Liu and Fellows, 1999; Rowlinson, 1999).  
Swam, et al (2002) also noted that trust and communication attributes not 
only reduce the transaction costs, make possible the sharing of sensitive 
information, and permit joint projects of various kinds, but also provide a 
basis for expanding on moral relations in business.   
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7.3.2 Mean of the importance ratings 
In order to calculate the mean of the importance ratings, the following 








++++=  …………..(7.1). 
where: 
h  : is the attribute reference, 
ah : is the mean importance rating of attribute h, and 
n1, n2, n3, n4, and n5 are the number of respondents who indicated on the 
five-point Likert scale, the level of importance as 1, 2, 3, 4 and 5 
respectively for attribute h, where 1 represent “very unimportant”, 2 for 
“unimportant”, 3 for “good to have”, 4 for “important”, and 5 for “very 
important”.  
 
The results of the mean importance rating using Equation 7.1 are tabulated 
in Table 7.5. The overall rankings of the criteria in Table 7.5 were based on 
the calculations of the attributes without first considering their hierarchy of 
criteria and factors.   
 
As shown in Table 7.5 the 10 most important attributes (out of 39) chosen by 
the respondents were: 
1. Number of references 
2. Showing close cooperation and coordination  
3. Completing past contracts on time 
4. Responsiveness  
5. Subcontractors can be trusted  
6. Always completing past contracts 
7. Appropriate shop drawings 
8. Competitive price 
9. Showing good knowledge of design and regulations 
10. Never engaged in illegal and fraudulent activities before 
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Table 7.5 Attributes ranked by mean importance ratings 
Code and Attributes  
Mean importance 
rating Overall Rank 
2.5.1 Number of references 4.86750 1 
2.5.6 Showing close cooperation and 
coordination  
4.45714 2 
2.5.2 Completing past contracts on time 4.31429 3* 
2.1.3 Responsiveness  4.31429 3* 
1.1.1 Competitive price 4.20000 5.5* 
3.1.3 Trust  4.20000 5.5* 
2.5.1 Always completing past contracts 4.20000 5.5* 
1.3.1 Appropriate shop drawings 4.20000 5.5* 
2.5.7 Showing good knowledge of design and 
regulations 
4.17143 9 
2.5.4 Never engaged in illegal and fraudulent 
activities before 
4.14286 10 
1.2.2 Appropriate time schedule 4.14285 11 
2.5.8 Producing good quality in past works 4.08573 12 
2.5.3 Completing past contracts on original 
budget 
4.08571 13.5* 
2.5.12 Showing integrity/honesty  4.08571 13.5* 
2.2.2 Technical abilities  4.08571 13.5* 
1.3.2 Appropriate construction methods 4.08571 13.5* 
2.5.9 Employing high quality workmanship in 
past projects 
4.05714 17.5* 
1.3.3 Materials and equipment used 4.05714 17.5* 
2.3.3 Enough workforce  4.02857 19.5* 
1.1.4 Terms of payment  4.02857 19.5* 
1.1.3 Price rates consistency 4.02857 19.5* 
2.5.5 No fatal accident on any site under its 
control in the last 3 years 
3.97143 22 
2.5.10 Employing highly skilled operators in 
past projects 
3.96346 23 
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Code and Attributes  
Mean importance 
rating Overall Rank 
2.2.3 Relevant experience in building 
construction 
3.94286 24 
2.4.1 Similar type of projects to the proposed 
work 
3.88571 25 
1.3.6 Appropriate health, safety and house 
keeping programs 
3.85714 26 
1.3.4 Appropriate schedule of maintenance 3.84285 27 
3.1.4 Communications 3.82857 28 
1.3.5 Project quality plans (PQP) 3.80000 29.5* 
1.1.2 Discount price rates 3.80000 29.5* 
3.1.1 Similar culture  3.74286 31 
2.1.1 Company reputation  3.71429 32 
1.2.1 Project duration 3.70588 33 
2.5.11 Showing stable financial performance 3.60000 34 
2.4.2 Similar size ($) of projects to the 
proposed work 
3.54286 35 
3.1.2 Relationships  3.51429 36 
2.3.1 Bank references 3.48571 37 
2.1.2 Company age  3.40000 38 
2.3.2 Profitability history 3.17143 39 
2.2.1 Related degree or certificates 3.05714 40 
* Joint ranking. 
 
Among the 10 most important attributes, the factor of the subcontractor 
profiles dominated the important attributes. Even the top three ranks (1 to 
3) were related to this factor. The results indicated that the main contractor 
considered number of references and showing close cooperation and 
coordination as the two most important criteria for subcontractor selection. It 
also showed that the main contractors preferred to select BR subcontractors 
based on their track records of past performance. The findings synthesized 
well with Kumaraswamy and Matthews’ (2000) study in that the main 
contractors considered the ability of a subcontractor to respond quickly to 
them as a critical factor for selecting the subcontractor. In this research, the 
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subcontractor’s responsiveness was considered an important factor (joint 3rd 
ranking out of 40 attributes) in Table 7.5.      
 
The lowest ranking was “related degree or certificates” factor. This findings 
were consistent with the result of testing hypotheses that “main contractors 
select subcontractors for BR projects based on their related certificates” was 
rejected as it was considered to be an unimportant attribute. Therefore, only 
39 attributes were included in the model.      
7.3.3 Weighting Criteria  
Besides the rankings of important attributes, it is also necessary to calculate 
the weighting importance of the associated criteria and factors. In this 
calculation, the means of criteria and factors were calculated based on the 
mean importance rating. The technique applied for the calculation of the 
weighting criteria was the multi-criteria decision making technique, which 
was discussed earlier in Chapter 4 (Research Methodology). The following 
equations were applied: 
 
1. To calculate the weight of an attribute (Wh) 











  ……………………………….(7.2). 
where: 
h is the attribute reference, and there are m number of attributes under one 
criterion 
Wh is the weight of attribute h 
ah  is the mean importance rating of attribute h obtained from Equation 7.1. 
 
























== 1   ………………………………….(7.4). 
j is the criterion reference, and there are n number of attributes under one 
criterion  
Wj is the weight of criterion j 
aj  is the mean importance rating of criterion j 
ah  is the mean importance rating of attribute h obtained from Equation 7.1 
h   is the attribute reference, and there are m number of attributes under 
one criteria.  
 
























== 1   ………………………….(7.6). 
 
k is the factor reference  
Wk is the weight of factor k 
ak  is the mean importance rating of factor k 
aj  is the mean importance rating of criterion j, obtained from Equation 7.4 
j   is the label for criterion, and there are n number of criteria under one 
factor.  
 
From the results of applying Equations 7.2 to 7.6 to the data obtained from 
the survey results, the result for the weight of the important attributes, 
criteria and factors are shown in Table 7.6. 
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Table 7.6 Weight, Criteria and Factors  










1. PROJECT SPECIFICATIONS 3.9721         0.3491
1.1. Price factors 4.0143        0.3369
1.1.1. Competitive price 4.2000         0.2616
1.1.2. Discount price rates 3.8000         0.2367
1.1.3. Price rates consistency 4.0286         0.2509
1.1.4. Terms of payment 4.0286         0.2509
Sub- total mean ratings of attributes 16.0571      
1.2. Time factors 3.9020        0.3274
1.2.1 Project duration 3.7059         0.3166
1.2.2. Appropriate time schedule 4.1429         0.3539
1.2.3. Appropriate schedule of maintenance 3.8571         0.3295
Sub- total mean ratings of attributes 11.7059      
1.3. Quality of technical proposal 4.0000        0.3357
1.3.1. Appropriate shop drawings 4.2000         0.2100
1.3.2. Appropriate construction methods 4.0857         0.2043
1.3.3. Materials and equipment used 4.0571         0.2029
1.3.4. Project quality plans (PQP) 3.8000         0.1900
1.3.5. Appropriate health, safety and house keeping programs 3.8571         0.1929
Sub- total mean ratings of attributes 20.0000      
Sub- total mean ratings of criteria 11.9162      
2. SUBCONTRACTOR'S PROFILES 3.5833        0.3150
2.1. Organization characteristics 3.8095        0.2126
2.1.1. Company reputation 3.7143         0.3250
2.1.2. Company age 3.4000         0.2975
2.1.3. Responsiveness 4.3143         0.3775
Sub- total mean ratings of attributes 11.4286      
2.2. Personnel qualifications 2.6762        0.1494
2.2.1. Relevant experience in building construction 3.9429         0.4911
2.2.2. Technical abilities 4.0857         0.5089
Sub- total mean ratings of attributes 8.0286        
2.3. Financial performance 3.5619        0.1988
2.3.1. Bank references 3.4857         0.3262
2.3.2 Profitability history 3.1714         0.2968
2.3.3. Current workload 4.0286         0.3770
Sub- total mean ratings of attributes 10.6857      
2.4. Relevant experience 3.7143        0.2073
2.4.1. Similar type of projects to the proposed work 3.8857         0.5231
2.4.2. Similar size ($) of projects to the proposed work 3.5429         0.4769















2.5. Past performance (third parties for references) 4.1546        0.2319
2.5.2.1 Number of references 4.8675         0.0901
2.5.2.2. Always completing past contracts 4.2000         0.0778
2.5.2.3. Completing past contracts on time 4.3143         0.0799
2.5.2.4 Completing past contracts on original budget 4.0857         0.0756
2.5.2.5. Never engaged in illegal and fraudulent activities before          4.1429 0.0767  
2.5.2.6.
No fatal accident on any site under its control in the last 
3 years 3.9714         0.0735
2.5.2.7. Showing close cooperation and coordination 4.4571         0.0825
2.5.2.8. Showing good knowledge of design and regulations 4.1714         0.0772
2.5.2.9. Producing good quality in past works 4.0857         0.0756
2.5.2.10. Employing high quality workmanship in past projects 4.0571         0.0751
2.5.2.11. Employing highly skilled operators in past projects 3.9714         0.0735
2.5.2.12. Showing stable financial performance 3.6000         0.0667
2.5.2.13. Showing integrity/honesty 4.0857         0.0756
Sub- total mean ratings of attributes 54.0104      
Sub- total mean ratings of criteria 17.9165      
3. SPECIAL CONSIDERATIONS 3.8214        0.3359
3.1. Qualitative aspects 3.8214        1.0000
3.1.1. Similar culture 3.7429         0.2449
3.1.2. Relationships 3.5143         0.2299
3.1.3. Trust 4.2000         0.2748
3.1.4. Communication 3.8286         0.2505
Sub- total mean ratings of attributes 15.2857      
Sub- total mean ratings of criteria 3.8214        







MODEL DEVELOPMENT, APPLICATION AND VALIDATION   
 
8.1 Introduction 
This Chapter presents the development, application, and validation of the 
subcontractor selection decision support system (SSDSS) for subcontractor 
selection in BR works. The first part introduces the analysis and synthesis of 
the SSDSS. In order to develop an appropriate system for the evaluation and 
selection of the potential subcontractor, the SSDSS was developed. The 
intent was to model the evaluation and selection decision process based on 
inputs from professional’s expertise. The model’s knowledge base was 
developed through interactions with contractors who served as the domain 
experts (DEs). Its development was also supplemented by methodologies 
garnered from the literature review.   
 
The second and third parts of this chapter present the full application and 
validation of the SSDSS. A hypothetical but realistic selection scenario 
relating to the award of a contract to the subcontractor was applied to 
explain the model. The simulation exercise considered all the attributes, 
including the quotation price factor. The results from the application of the 
SSDSS developed were also used in the validation stage.   
 
The development of the model is discussed in Section 8.2 where the decision 
diagram is introduced. The major components of the SSDSS are discussed in 
Section 8.2, and details of the consultation process are given in Section 8.3. 
The validation of the system is covered in Section 8.4. 
8.2 Model Development  
Before describing the SSDSS in detail, the decision-making process of the 
system must be defined.   
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8.2.1 Decision-making process of the system 
The decision-making process of the system consists of a decision diagram 
and a decision process. These are described below.  
 
The evaluation and selection of a potential subcontractor is a multi-step 
process, which includes a request for sourcing, evaluation of the firm’s 
performance, including its financial stability and past performance, and lastly, 
evaluation of the technical proposal and quotation price. This evaluation is 
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? Project specifications NA 
? Trade type NA 
? Department NA 
? Due time NA 





? Subcontractor’s name NA 
? Contact name NA 
? Subcontractor’s address NA 
? Competitive price  0.2616 
? Discount price rate 0.2367 
? Price consistency 0.2509 
? Terms of payment  0.2509 
? Project duration 0.3166 
? Time schedule 0.3539 
? Schedule of Maintenance 0.3295 
? Shop drawing 0.210 
? Construction methods 0.2043 
? Materials / Equipment 0.2029 
? Project Quality Plans  0.1900 
? 
Health, safety & 
housekeeping programs 0.1929 
? Company reputation 0.325 
? Age of company 0.2975 
? Responsiveness 0.3775 
? 
Related experiences of key 
personnel 0.4911 
? Technical abilities  0.5089 
? Bank references 0.3262 
? Profitability history 0.2968 
? Current workload 0.377 
  
? Type of the past work 0.5231   
? Size of the past work 0.4769   
? Number of references 0.0901   
? Completing the past works 0.0778 
? Contract on time 0.0779 
? Contract on budget 0.0756 
? Legal work 0.0767 
? No fatal accident 0.0735 
? Cooperation and coordination 0.0825 
? 
Knowledge of design and 
regulations 0.0772 
? Quality of past work 0.0756 
? Quality of past workmanship  0.0751 
? Skills of operators 0.0735 
? Financial performance 0.0667 
? Honesty and Integrity 0.0756 
? Similar culture 0.2449 
? Relationship 0.2299 
? Trust 0.2748 
















































The evaluation process goes through two stages, one manually and the other 
automatically as shown in Figure 8.2. The first of these is a manual process, 
the user needs: (1) to input the project specifications and subcontractor’s 
data, and (2) to decide on the types of attributes and the weights of the 
criteria. After these steps, the data is processed automatically. The first 
decision at this point is to review if the data is sufficient to process the 
selection process. If not then the process will go back to collect more data; 
otherwise the process continues to the next step, and applies the data to the 
factors, criteria and attributes.  
 
At this point, the information generator module is consulted. In this case, the 
information generator module is called the subcontractor selection decision 
support system (SSDSS). Figure 8.3. shows the hierarchy tree for SSDSS 
diagram, the influencing attributes, and their contribution on the final 
decision for the evaluation and selection of a potential subcontractor. In 
order to calculate the weighting criteria, procedures/concept and rules are 
needed. The descriptive questions asked regarding each attribute and the 
concept and rules are as shown in Table 8.1.  
     
Table 8.1 Decision attributes 
Questions for Attributes 
 
Concepts & Rules  
 
1. What is the project name? INPUT : the project’s names 
2. What is the subcontract number? INPUT : the project code 
3. What is the subcontract work type? INPUT : work type 
4. Who is division and section in charge? INPUT : division & section’s name 
5. When will the work start? INPUT : date 
6. How much is the cost estimation? INPUT : the cost estimation 
7. How long is the estimated project duration? INPUT : the estimation of the project duration 
8. How much is the quotation price? INPUT : the price figure $ 
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Questions for Attributes Concepts & Rules 
 
9. What is the ranking of the quotation price submitted for this work inline 
with other bidders? 
AUTO : Apply the comparison 
rules 
i=(1,2,3,4,5,6,..n)/$ 
10. Does the subcontractor obtain one of the three top scores? YES-NO If YES=1, NO=0, go next 
11. Does the subcontractor offer a discount price rate? YES-NO 
If YES=call for 
clarification, NO=0, go 
next 
12. Is the price rate in price analysis consistent? YES-NO If YES=1, NO=0; go next 
13. Does the subcontractor propose terms of payment? YES-NO If YES go to 14, NO call for clarification 
14. Does the subcontractor request an advanced contract deposit? YES-NO If YES=0.5, go next NO=0 go to 17  
15. Is the payment based on work progress? YES-NO If YES=0.5,  go to 17, NO=0, go next 
16. Is the cost paid after work is completed? YES-NO If YES=0.5, NO=0, go next 
17. How long is the duration of a work? INPUT : the project duration  
18. Is the duration of work proposed comparable to the main contractor’s 
program? YES-NO 
If YES=1, NO=0, go 
next 
19. Is the duration of work proposed shorter than the main contractor’s 
program? YES-NO 
If YES=apply 
comparison rules,  
NO=0, go next 
20. Does the subcontractor submit an appropriate time schedule in 
accordance with the main contractor’s program?  YES-NO 
If YES=1, NO=0 go 
next 
21. Does the subcontractor submit appropriate shop drawings in accordance 
with the specifications and drawings of the main contract?  
 
YES-NO 
If YES=1, NO=0 go 
next 
22. Does the subcontractor submit appropriate construction methods in 
accordance with the main contractor’s plan?  YES-NO 
If YES=1, NO=0 go 
next 
23. Does the subcontractor offer appropriate materials in accordance with 
the specifications and conditions of the main contract?  YES-NO 
If YES=0.5, NO=0 go 
next 
24. Does the subcontractor offer appropriate equipment in accordance with 
the specifications and conditions of the main contract?  YES-NO 
If YES=0.5, NO=0 go 
next 
25. Does the subcontractor offer appropriate schedule maintenance in 
accordance with the specifications and conditions of the main contract?  YES-NO 
If YES=1, NO=0 go 
next 
26. Does the subcontractor provide a project quality plan? YES-NO If YES=1, NO=0 go next 
27. Does the subcontractor offer health, safety and housekeeping programs? YES-NO If YES=1, NO=0 go next 
28. What is the subcontractor’s name? INPUT : the subcontractor’s name 
29. What is the address of the subcontractor? INPUT : subcontractor’s address 
30. Who is the contact person in the subcontractor's firm? INPUT : contact name 
31. Did the subcontractor join the subcontractor organization? YES-NO If YES go next, NO go to 35 
32. If yes, Singapore List of Trade Subcontractor (SLOTS) YES-NO If YES=0.4 go next, NO=0 go 35 
33. Or Refurbishment Association YES-NO If YES=0.4 go next, NO=0 go 35 
34. Or other performance certificates from recognized institutions (e.g. BCA, 
HDB, SCAL) YES-NO 
If YES=0.2, NO=0 go 
next 
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Questions for Attributes Concepts & Rules 
 
35. How long has the subcontractor's firm been trading under the same 
company name within the construction sector? 
INPUT : company’s age & 
Apply the comparison rule 
36. Is the subcontractor easy to contact? (e.g. when the subcontractor is 
called, no answering machine in receiving incoming calls)  
 
YES-NO If YES=0.5, NO=0 go next 
37. Is the subcontractor quick to respond when receiving requests and 
instructions from the main contractor?  
YES-NO If YES=0.5, NO=0 go 
next 
38. If yes, how long = ……..hours INPUT : the responsiveness (hours) &  Apply the comparison rule 
39. What percentage (A%) of the subcontractor's key personnel has good 
technical ability?  INPUT A% * 0.5, go next 
40. Has the key personnel of the subcontractor experienced working in 
building refurbishment work before? YES-NO 
If YES=0.5, NO=0 go 
next 
41. How many projects have been completed? INPUT figure then apply the comparison rule * 0.5 
42. Does the key personnel of the subcontractor have the technical ability to 
interpret and use contract documents?   YES-NO 
If YES=1, NO=0 go 
next 
43. Has the subcontractor's firm been with the same bank for minimum 2 
years? 
 
YES-NO If YES=0.5, NO=0 go next 
44. What was the rating given by the Bank referee regarding the company's 
financial performance?  Rating 
Poor – Exc. i=(1-5)… 
i/5 * 0.5, go next 
45. Has the subcontractor's firm shown profitability over the last 2 years?  YES -NO If YES go next, NO go to 49 
46. Return on sales INPUT/AUTO Apply comparison rule * 0.5, go next 
47. Return on assets INPUT/AUTO Apply comparison rule * 0.5, go next 
48. Is the subcontractor currently working for other main contractors?   YES-NO If YES=1, NO=0 go next 
49. Is the subcontractor currently working for other (two or more) main 
contractors?   YES-NO 
If YES=0.5, NO=0 go 
next 
50. Did the subcontractor provide details of subcontracting jobs completed 
within the past 3 years? YES-NO 
If YES go next, NO=0
go to 54 
51. How many refurbishment works have been completed? INPUT If YES=0.7, NO=0 go next 
52. How many new build works have been completed? INPUT If YES=0.3, NO=0 go next 
53. Did the subcontractor experience a similar size ($) project to the 
proposed work within the past 3 years? (More or less 20%) YES-NO 
If YES=0.5, NO=0 go 
next 
54. Is the proposed work of size ($) most often undertaken by the 
subcontractor company? YES-NO 
If YES=0.5, NO=0 go 
next 
55. How many references does the subcontractor have?  INPUT then apply comparison rule * 0.8, go next 
56. What was the average rating given by references regarding past 
performance (overall)? 
 
INPUT then apply comparison rule * 
0.2, go next 
57. Has the subcontractor completed an entire contract before?  YES-NO If YES=1, go to 60, NO go next 
58. If no, was the failure reasonable?   YES-NO If YES=0.5, go to 60, NO=0 go next 
59. Did the subcontractor complete the past contract by the completion 
date? 
 
YES-NO If YES=1, go to 63, NO go next 
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60. If no, entirely due to the subcontractor's fault YES-NO If YES=0, go to 63, NO go next 
61. Or only partly due to the subcontractor's fault YES-NO If YES=0.5, go to 63, NO=0 go next 
62. Did the subcontractor complete the past contract by the original budget? YES-NO If YES=1, NO=0 go next 
63. Has the subcontractor been engaged in illegal and fraudulent activities 
before? YES-NO 
If YES=1, NO=0 go 
next 
64. What was the rating given by a previous main contractor who employed 
the subcontractor regarding his health, safety and housekeeping program? Rating  
If YES=1, NO=0 go 
next 
65. What was the rating given by a previous main contractor who employed 
the subcontractor regarding the ability of key personnel in cooperation and 
coordination? 
Rating  Poor – Exc. i=(1-5)… i/5 * 1, go next 
66. What was the rating given by a previous main contractor who employed 
the subcontractor regarding the knowledge of design and regulations that 
are relevant to the building refurbishment works? 
Rating  Poor – Exc. i=(1-5)… i/5 * 1, go next 
67. What was the rating given by a previous main contractor who employed 
the subcontractor regarding the quality of finished work? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
68. What was the rating given by a previous main contractor who employed 
the subcontractor regarding the quality of workmanship?  Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
69. What was the rating given by a previous main contractor who employed 
the subcontractor regarding the skills of operator using equipment? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
70. What was the rating given by a previous main contractor who employed 
the subcontractor regarding the financial stability of the subcontractor? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
71. What was the rating given by a previous main contractor who employed 
the subcontractor regarding his integrity?       Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
72. What rating would you give to the similarity of the culture of your 
company with the subcontractor? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
73. What rating would you give to the subcontractor regarding relationship 
of your company with the subcontractor? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
74. What rating would you give to the subcontractor regarding relationship 
of your site staffs with the subcontractor's site personnel? 
 
Rating  Poor – Exc. i=(1-5)… i/5 * 1, go next 
75. What rating would you give to the subcontractor regarding his 
trustworthiness? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
76. What rating would you give to the subcontractor regarding his ability in 
communications? Rating  
Poor – Exc. i=(1-5)… 
i/5 * 1, go next 
Setting the score of criteria AUTO 
If of the 3 important 
criteria obtains less 
than 50% of the score 
the subcontractor is 
rejected. 






Each of the attributes shown in Table 8.1 was evaluated in terms of “input 
and automatic evaluation”, “rating”, or “yes-no” by the DEs. The concept 
“input and automatic evaluation” means the user needs to input data before 
the system can process the data automatically. The concept of “rating” 
means the user needs to decide on the importance or the rating performance 
of particular attributes before the system can calculate the mean weighting 
attributes automatically. The comparison rules means the rating of the 
subcontractor are compared each other. The system provides the alternative 
ratings from 1 to 5 that represent values of extremely unimportant to 
extremely important or poor to excellent. The “yes-no” question is a type of 
Boolean rule, whether yes, or otherwise no.  
 
These evaluations may be based on information supplied by the 
subcontractors and the third parties, such as information on financial stability 
from banks, and information of past performance from a former main 
contractor who had employed the subcontractor before.  
 
The intelligent system used the “rule based reasoning” (RBR) where the 
specialized domain knowledge is represented as a set of IF 
<precondition(s)> THEN <conclusion(s)> rule format. Examples of 
representative “IF-THEN” rules are shown below: 
Rule number: PS/PF/01 
IF (1) the subcontractor obtains 3 top scores 
 (2) the price out of range 
THEN (1) call for clarification 
Rule number: PS/PF/02 
IF (1) the subcontractor offers the discount price rate  
THEN (1) score=1 otherwise=0 
Rule number: PS/PF/03 
IF (1) the subcontractor proposes terms of payment 
THEN (1) Go next step otherwise=call for clarifications 
IF (1) payment after the project is completed   
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THEN (1) score=1 otherwise Go next step 
IF (1) payment based on work progress  
THEN (1) score=0.5 otherwise G next step 
IF (1) the subcontractor requests advanced contract deposit 
THEN  (1) score=0 otherwise=0.5 
 
The examples shown above are all for the price criterion. The first example, 
rule PS/PF/01, states that if a subcontractor obtains 3 top scores, but his 
quotation price is out of estimation range, then clarifications are called for. 
Rule PS/PF/02 states that if the subcontractor offers a discount price rate, 
then he gets a score=1; if not, then no score. Rule PS/PF/03 states that (1) 
if the subcontractor proposes the terms of payment, then the process 
continues to the next step (does the subcontractor request an advanced 
contract deposit?), otherwise call him for clarification; (2) if the payment is 
made after the project is completed, then he gets a score=1, if not then 
continue on to the next step; (3) if the payment is based on the progress,  
then he gets a score=0.5, if not then continue on to the next step; (4) if the 
subcontractor requests an advanced contract payment deposit, then he gets 
no score, if not then he gets a score=0.5. Further descriptions of the decision 
attributes used as part of the rules are given in Table 8.1.  
 
These attributes are then evaluated in terms of project specifications, 
subcontractor’s profiles, special considerations, and general factors. These 
factors are evaluated in terms of their scores, ratings, and then multiplied by 
the weights of attributes, criteria, and factors. These factors are then 
combined to provide an overall evaluation of the subcontractor’s suitability. 
8.2.2 Architecture of the System                  
The major characteristics of the SSDSS are: 
1. Contains a knowledge base about the decision support system for BR 
subcontractor selection. The knowledge based systems (KBS) is easier to 
modify, allowing a programmer or user to modify segments of the 
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program relatively easily because the expert knowledge and the procedure 
mechanism are separate. The KBS allows users without much 
programming experience to read and even to write or to maintain the rule-
base and the weighting criteria. 
2. Contains an inference engine, or inference reasoning capability, which in 
some ways mimics the way a human decision maker thinks. 
3. Has a facility to explain the guidance or reasoning process, so that the 
user can see why and how the subcontractors are selected or rejected.     
4. Contains symbolic programming and reasoning capability. 
5. IF-THEN rules are a principle of RBR which stored in the knowledge base.  
6. Since IF-THEN rules are not embedded in the source code, the knowledge 
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The general architecture of the SSDSS is shown in Figure 8.4. The system 
has the following components: (1) the knowledge subsystem, (2) the 
working memory subsystem, (3) the knowledge representation and inference 
engine subsystem, (4) the knowledge acquisition facility subsystem, (5) 
aggregating the scores, (6) the explanatory facility subsystem, (7) the 
graphical user interface (GUI), and (8) the computer hardware and control 
mechanism. 
8.2.2.1 Knowledge Base Subsystem (KBS) 
The KBS is the component of the SSDSS that contains all the information 
associated with the BR subcontractor selection system. This information ties 
together facts, rules, and heuristics that were obtained from the DEs and 
literature. The knowledge is stored as “IF, THEN” rules in the knowledge 
base. 
8.2.2.2 Working Memory Subsystem 
The working memory subsystem is the component of the SSDSS that 
contains all the information about the problem currently being solved. Its 
content changes dynamically and includes information that defines the 
parameters of the specific problem and information derived by the system at 
any stage of the solution process.  
8.2.2.3 Knowledge Representation and Inference Engine Subsystem 
Once knowledge is acquired, it must be organized in an application 
knowledge base or for later use. It can be organized in several different 
configurations to facilitate fast inference (or reasoning) from the knowledge.  
 
The representational stage plays a central role in the field of artificial 
intelligence (AI). It concerns the search for models of knowledge that enable 
systems to behave intelligently. Knowledge representation is defined as a 
combination of data structures and interpreting procedures that, if 
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represented and used adequately in a program, will lead to knowledgeable 
and intelligent behavior. 
 
The “intelligence” of the system, which is the mechanism that combines this 
knowledge and information to make decisions, is called the inference engine. 
The inference engine performs the task of deciding how and when the rules 
are to be applied to solve the problem of evaluating a potential 
subcontractor. The structure of the inference engine is independent of the 
knowledge base.  
 
Once knowledge representation in the knowledge base is completed, or is at 
least at a sufficiently high level of accuracy, it is ready to be used. A 
computer program is needed to access the knowledge for making inferences. 
This program contains an algorithm that controls a reasoning process and is 
usually called the inference mechanism or the control program. It controls 
the reasoning process of the system and uses the knowledge base to modify 
and expand the context to solve a specific problem. Inference rules differ 
from knowledge rules. Inference rules are procedural rules. They contain 
rules about rules, which advise on how to solve a problem given that certain 
facts are known. On the other hand, knowledge rules are declarative rules, 
which state all the facts and relationships about a problem. Inference rules 
become part of the inference engine, while the knowledge rules are stored in 
the knowledge base.   
8.2.2.4 Knowledge Acquisition Subsystem 
The knowledge acquisition subsystem is the accumulation, transfer and 
transformation of problem solving expertise from various knowledge sources, 
e.g. experts or literatures, to a computer program for constructing or 
expanding the knowledge base (the knowledge acquisition stage has been 
completed and discussed in Chapters 3, 5 and 6).  
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8.2.2.5 Aggregating the Scores 
The total score of each subcontractor is computed by multiplying the rating 
of a subcontractor for an attribute by the importance weight assigned to the 
attribute and then summing up the products over all the attributes. The 











   
where:  
Ai (WSM-score)   : is the i-th wsm score of alternative. 
n  : is the number of decision criteria  
aij : is the actual value of the i-th alternative in terms of the j-th criterion 
wj : is the weight of importance of the j-th criterion 
 
This approach has been discussed earlier in Chapter 2, and Chapter 7 
(Section 7.3.3. Weighting Criteria). 
In application, Equation 8.1 was adjusted to take into consideration the 
three-level hierarchy “factor”, “criteria”, and “attribute”. Equation 8.2 is the 
mathematical expression for the subcontractor model:  
 
Aggregating score = Score (P)+Score (S)+Score (Sp)…….(8.2). 
 
where:  
Score (P)   : is the aggregate score of attributes under “project specifications” factor  
Score (S) : is the aggregate score of attributes under “subcontractor’s profile” factor 
Score (Sp) : is the aggregate score of attributes under “special consideration” factor 
 
The detail formula for Score (P), Score (S), and Score (Sp) are given: 
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Score (P) is the aggregate score of attributes under “project specifications” factor 
W1 is the weight of project specification factor (see Equation 7.5) 
W11, W12, and W13 are the weights of the “price factors”, “time factors”, and 
“technical proposal” criteria respectively.  
W11a, W12b, and W13c  are the weights of the attributes under the “price 
factors”, “time factors”, and “technical proposal” criteria respectively. 
a11a, a12b, and a13c   are the ratings given to subcontractor for the attributes 
under the “price factors”, “time factors”, and “technical proposal” criteria 
respectively. 
 






















ggaww  ………… (8.4). 
 
Where: 
Score (S) is the aggregate score of attributes under “Subcontractor’s profiles” factor 
W2 is the weight of subcontractor’s profiles factor (see Equation 7.5) 
W21, W22, and W23 are the weights of the “organization characteristics”, 
“financial performance”, “relevant experience”, and “past performance”  
criteria respectively.  
W21d, W22e, W23f, W24g are the weights of the attributes under the 
“organization characteristics”, “financial performance”, “relevant experience”, 
and “past performance”  criteria respectively.  
a21d, a22e, a23f, a24g are the ratings given to the subcontractor for the attributes 
under the “organization characteristics”, “financial performance”, “relevant 
experience”, and “past performance”  criteria respectively.  
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Where: 
Score (Sp) is the aggregate score of attributes under “special considerations” factor 
W3 is the weight of special consideration factor (see Equation 7.5) 
W31 is the weight of the “qualitative aspects” criteria.  
W31h is the weight of the attributes under the “qualitative aspects” criteria. 
a31h   is the ratings given to subcontractor for the attributes under the 
“qualitative aspects” criteria. 
8.2.2.6 Explanatory Facility Subsystem 
The explanatory facility subsystem’s function is to explain the reasoning 
processes. Based on the instruction imputed, the inference mechanism 
selects the appropriate rules from the knowledge base to execute the order 
process. A SSDSS is capable of explaining this reasoning process; for 
example, it is capable of showing how it used the rules and the information 
provided by the user.  
8.2.2.7 Graphical User Interface (GUI) Subsystem 
The GUI subsystem covers all aspects of communications between a user and 
the SSDSS. It is essential in allowing users to operate the system in a simple 
and easily followed manner, using whatever control items and methodologies 
that are required. The communication process is designed to be as user-
friendly as possible. All the possible questions and levels of rating of the 
different alternatives are shown to the user as a “scroll bar” or “combo box” 
for their selection. 
8.2.2.8 Hardware and Control Mechanism 
The SSDSS was developed on an IBM personal computer (PC). The expert 
system shell was developed using the high-level language compiler “Microsoft 
Visual Basic TM” and database “Microsoft Access 2000TM” (see Chapter 4 for 
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the justification in using this software). The shell essentially dictates how 
knowledge is to be represented. The shell is a forward chaining inference 
engine that uses “IF, THEN” rules to represent the expert’s knowledge. 
 
The hardware/ software requirements that are necessary to execute the 
program are:  
- IBM PC or 100% compatible desktop personal computer or notebook 
- Microsoft Windows 98/2000/XP 
- Pentium @ 200MHz or equivalent or better 
- Memory with minimum 64 MB of RAM for minimum 16 bits. 
8.2.3 Data Processing  
The user responds to a series of questions to provide inputs to the SSDSS for 
the various attributes. These user inputs are then used by the decision rules 
of the SSDSS to determine the three broader factor evaluations and 
ultimately the overall subcontractor suitability.  
 
The SSDSS uses various levels of attributes to determine broader factor 
evaluations of project specifications, subcontractor’s profiles and special 
considerations. These factors are then combined to provide an overall 
evaluation as to the subcontractor’s suitability. A flowchart of the software is 
shown in Figure 8.5, with some of its subroutines. Each subroutine performs 
a specific function in the overall analysis process. There are two 
environments in the SSDSS, namely development and consultation 
environments. The development environment consists of four main processes 
(subroutines), namely input data (INPUT subroutine); determination of 
decision factors, criteria and questions (DF subroutine); determination of 
weighting criteria (WC subroutine); and determination of scoring rules (STAT 
subroutine). The last subroutine determines the scoring rules (SORTX 
subroutine), which is basically the consultation environment, and the other 


































Figure 8.5 Flowchart of the data processes 
Input data project information 
and subcontractor attributes 
Subroutine DF 





















8.2.3.1 DF Subroutine  
The first process is the determination of decision factor (DF) or the DF 
subroutine. This presents the decision factors, criteria, attributes and 
question alternatives available, reads the user selection, then provides the 
necessary queries to the user based on the selected alternatives.    
 
The alternatives include: 
1. Accept the system-specified DFs, including criteria and attributes based on 
the program supplied factor analysis results. The software supplied by 
default 3 factors, 9 criteria and 39 attributes. The user can modify the set-
up default easily through selecting the response choice via the “combo 
box” facility in the GUI. 
2. Modify the software default or program-supplied DFs, including the 
following possibilities: 
 - Modify/delete DFs, 
 - Add additional DFs to an existing system-specified DF, 
 - Create and add additional DFs to the system. 
3. The user can create his own selection decision system, including the 
determination of DFs. Each setting will be saved with a specific name so 
that it can be used in the next exercises. 
Once the DFs have been specified, the parameter weightings of subcontractor 
selection are performed.   
8.2.3.2 WC Subroutine  
The second process is the weighting criteria (WC) subroutine that addressed 
the weighting of the DFs requested by the user. The user has two options: 
1. System specified weights based on the software supplied factor analysis 
results (based on the surveys of this research).  
2. User specified weights: these allow the user to input the perceived 
importance on a scale from 1 to 5 for each attribute.  
 
If the user wants to exclude the DF from the analysis, a zero would be 
inputted for the weight. The system allows the user to input the desired 
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weights and then view the normalized weights. A facility has been provided 
which permits the normalized weights to be modified by re-entering the 
perceived importance, again on a scale from 0 to 1. The user can continue to 
modify his input values until he is satisfied with the normalized weights given 
to each decision parameter.     
8.2.3.3 INPUT Subroutine  
The third process is the INPUT subroutine that queries the user input. Once 
the appropriate queries and input are made by the user, the program 
proceeds to the next step, namely the input of data. There are two groups of 
inputs, namely the project‘s and the subcontractors’ data. The former data is 
the specifications of the project. The other data required is the user input on 
the name of the subcontractor and scores of each DF.  
 
The system then proceeds with queries for each of the three broader factor 
evaluations of project specifications (proposal), subcontractor profiles 
including past performance, and special considerations. The type of factor is 
shown at the top of each screen as a reminder. The consultation process is 
user-friendly in that each question provides the possible response choices on 
a scale from 1 to 5 where 1 = “poor” and 5 = “excellent” (e.g. poor, 
unsatisfactory, satisfactory, very good, excellent). This avoids the problem of 
a user having to remember the proper responses for a particular attribute 
rating.  
 
The system does not proceed through every possible attribute, but only 
those queries that require a rating for that attribute. If a factor can be 
evaluated automatically by the system without asking about a particular 
attribute, the user will not be queried regarding the unnecessary information. 
When an evaluation is made for each factor, that factor and rating is shown 
on the screen with a note on the bottom of the screen to “press any key to 
evaluate the next factor”. 
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8.2.3.4 STAT Subroutine  
The next process is the STAT subroutine that calculates the statistics for all 
the input DF data and aggregates the weighted scores for all the 
subcontractor candidates. The statistics calculated for the DF scores and the 
aggregate weighted scores. In this process, Equation 8.1, and 8.2 are 
applied.   
8.2.3.5 SORTX Subroutine  
The last process is the SORTX subroutine that ranks and orders the 
aggregate weighted scores from the largest to the smallest that are obtained 
from the INPUTS subroutine. The aggregate weighting score is then 
calculated using Equation 8.1. This process is continued until the list of 
subcontractor candidates has been exhausted. These aggregate weighted 
scores are then printed onto the screen for further analysis by the user. 
When the DFs are evaluated, the final screen shows a summary of the 
ratings of each of the three factors plus the final overall evaluation 
(favorable, average, or unfavorable) of that subcontractor for that work type.  
 
The screen shows the subcontractor name, type of subcontract work and final 
evaluation at the top of the screen. The screen also shows not only the 
statistical analysis of the scores, but also displays a graph for comparing the 
scores. This graph is an important instrument to show the pattern of the 
scores and factors of each potential subcontractor, and compare it with the 
ideal pattern of the score factor. Finally, the system asks the user if there is 
another potential subcontractor to evaluate. 
8.2.3.6 Other Facilities 
The other features of the system are review, view and help facilities. The 
review facility has been provided to review previous subcontractor 
candidates. The benefit of this facility is that it provides the user with the 
ability to display previous inputs prior to assigning a score to the 
subcontractor candidate who is being analyzed. 
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The hierarchy of weighted scores can be viewed on the monitor. The user 
then has the option to view the input data of a specific subcontractor 
candidate by inputting the subcontractor candidate. Along with the score of 
each DF for the subcontractor candidate, the mean of each DF is also 
provided. 
8.3 Application of the System 
This section gives a working example of the selection model. The 
hypothetical but realistic subcontractors 1, 2,…n are prefixed by SCr1, 
SCr2,...SCrn, which were evaluated using the SSDSS developed. For the 
purpose of this example, a refurbishment of a six-storey office building with a 
gross floor area 2,300m2 is assumed. The main contractor needs to 
subcontract part of the project namely façade work, which is estimated at 
$10 million. The main contractor (user) short-listed five subcontractors, and 
found that three of the subcontractors can fulfill all the essential attributes.  
 
The 5 subcontractors are called Subcontractor SCr1; SCr2; SCr3; SCr4; and 
SCr5. Subcontractor SCr1 has an excellent reputation in undertaking facade 
works. Subcontractor SCr2 specializes in refurbishment works while 
subcontractor SCr3 specializes in high-rise building projects. SCr4 has an 
excellent record in healthy, safety and house keeping programs. SCr5 has 
never failed in the previous works. 
 
Subcontractors SCr1, SCr2, SCr3, SCr4 and SCr5 have practiced in the 
construction industry for 12, 7, 10, 5 and 15 years respectively. 
Subcontractor SCr2 gathered most of its experience in refurbishment 
projects. Subcontractor SCr3 has undertaken two refurbishment projects 
while subcontractor SCr1 does not have experience in BR projects. 
Subcontractor SCr2 has earlier worked with the main contractor on 5 
projects. Subcontractor SCr2 enjoyed a very good relationship with the main 
contractor when they worked together on the 5 projects. Other data has 
been inputted to the program.  
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A consultation begins with a welcome to the SSDSS and is followed by a brief 
explanation of the system and how it operates. Figure 8.6 is an example of 
the user/system screen. The completed user’s guide of the program is 
presented in Appendix 3. 
 
The following steps are described for the consultation. 
 
 
8.3.1 First Step 
Initially the user needs to input the general information of the project and 
the criteria used. The user also has an option to use the criteria and their 
weights, which have been pre-defined (default set-up) in the program, or to 
modify them. In this simulation, the user was assumed to use the default 
set-up.  
 
Figure 8.6 Welcome screen 
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Three factors, 9 criteria, and 39 attributes for BR subcontractor selection 
have been pre-defined in the system. These aspects include their weights, 




8.3.2 Second Step 
The second step is to input the general information of the project and the 
subcontractors’ identifications. The user is asked for the general information 
of the project and the name of the subcontractor being evaluated.  
  
The questions to be gathered for general information include the following: 
A. Project identifications 
1. What is the project name? 
2. What is the subcontractor’s telephone number? 
Figure 8.7 Predefined factors, criteria and attributes 
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3. What is the subcontract work type? 
4. What is the division and section in charge? 
5. When will the work start? 
6. How much is the cost estimation? 
7. How long is the estimated project duration?  
 
B. Subcontractors’ identification 
1. What is the subcontractor’s name? 
2. What is the address of the subcontractor? 




Figure 8.8 Settings for the new projects 
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8.3.3 Third Step 
The data from the subcontractors was collected through a questionnaire, a 
copy of which is presented in Appendix 4. In the inputs for the subcontractor 
attributes, the identities of subcontractors were hidden until the end process. 
This is to avoid the bias of the user. This can be done by separating the form 
for the subcontractor identification and the form for the subcontractor 
properties. There is no subcontractor identity in the second part of the form, 
except for a code for tracing. The past performance data and bank references 
will be collected from third party referees using the questionnaire as 
presented in Appendix 5. 
 
Having input all the data, the system processes all the figures. When the DFs 
are evaluated, the final screen shows a summary of the ratings of each of the 
three factors plus the final overall evaluation (favorable, average or 
unfavorable) of whether the subcontractor is right for that type of work. The 
screen shows the subcontractor’s name, type of subcontract work and final 
evaluation at the top of the screen. Besides that, the screen also shows the 
statistical analysis of the scores. The screen is as shown in Figure 8.9. 
 
 




The results derived from the SSDSS were reviewed and were able to confirm 
that Subcontractor SCr 04 would be the most suitable to handle the 
subcontract work. Besides that, the screen shows the rankings of the 
subcontractors as well as graphics which can assist the user easily to check 
the subcontractors’ scores readily. The screen is as shown in Figure 8.10. 
 
 
8.4 Validation of the System 
In this present research, the validation involves the following two aspects, 
performance validation and system utility assessment. Performance 
validation consists of the execution of formal tests to evaluate: (1) the 
accuracy and completeness of the knowledge base; (2) the consistency and 
accuracy of the decision made by the system; and (3) the reasoning process 
used by the system to make a decision.  
 
Figure 8.10 Chart of the subcontractors’ scores 
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System utility assessment involves: (1) Evaluation of the user interface 
design that impacts on the ease of use and ultimately influences user’s 
acceptance; and (2) user perception of the system’s performance and utility. 
The validation has also considered the criteria for effective CADSS (see 
Chapter 2). 
8.4.1 Performance Validation Results   
Validity of the system knowledge can be established by determining what the 
system knows, does not know, or incorrectly knows. Two procedures 
suggested by O’Leary (1993) were used to check the validity of the SSDSS’s 
knowledge: (1) direct examination of the system by experts; and (2) Turing 
test: namely, comparison of the system with experts. 
 
For both the procedures listed above, two types of experts were used: (1) 
Donor, i.e., experts from whom the knowledge was acquired to develop the 
system, and (2) Non-donors, i.e. experts who were not involved in the design 
and implementation of the system. A summary of the results is provided in 
Table 8.2.  
 
In the direct examination of the system by experts approach, once the 
SSDSS was implemented, two donors and three non-donors were asked to 
directly examine the KBS for: (1) knowledge comprehensiveness, (2) 
knowledge accuracy, and (3) reasoning validation. The structure 
questionnaire for validation is presented in Appendix 6.   
    
The results in Table 8.2 show that both the donor experts and the non-donor 
experts rated the system highly on three aspects (the scores were 4.0 or 
higher on a 5-point scale). Five hypothetically worked examples were used. 
Each scenario is evaluated by the two donor experts, three non-donors 
experts and the SSDSS. A comparison between the SSDSS and the experts 
can be seen in the following:  
1. The final recommendation, and 
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2. The reasoning process used to make a decision, specifically: (a) the 
attributes and rules, and (b) the inferring process. 
 
System vs. donor experts. The donor experts and the SSDSS reached 
identical decisions (approve/re-evaluate/reject) for the test scenarios. There 
was a high degree of one-to-one match between the system and the donors 
in the use of parameters and rates, as well as the inference sequence. These 
results suggest that the SSDSS has a high “internal” validity, i.e. the system 
has not only acquired the knowledge effectively but was also able to use the 
knowledge/expertise in selecting subcontractors. 
 
Table 8.2 Performance Validation Results 
Validation Result 
Validation Test Validation Measures 






















of knowledge base 
   (4 items shown in 
Appendix 6) 
2. Accuracy of 
knowledge base 
   (3 items shown in 
Appendix 6) 
3. Reasoning validity 
   (3 items shown in 
Appendix 6) 
 
1. Matched system 
decisions with 
experts’ decisions 







































Good matches on 
attributes used 




System vs. non-donors experts. The decision-making process of the system 
was compared with that of the non-donor experts (obtained from their verbal 
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protocols). Most of the non-donor experts also reached an identical decision 
with the SSDSS.  
 
These results suggest that the SSDSS performed quite well when compared 
with the domain experts used in the system development. It also found that 
the system and a non-donor expert made a different decision because they 
used different weight values for certain attributes. However, the inference 
process used by the experts and the SSDSS was quite similar (i.e. used the 
same evaluation attributes and evaluation sequence) even though the 
decision was different. This was reflected in the high scores for the reasoning 
validity of the SSDSS and the non-donor experts whose decisions did not 
match with the system (see Table 8.2). Thus the system has an “external” 
validity, i.e. the system matches the performance of domain experts whose 
knowledge had not been used in its design and development. 
8.4.2 Assessment of System Utility 
The problem of the chosen domain in the SSDSS relates to the selection of a 
subcontractor for BR work. This is management’s significant problem because 
the main contractors’ firms are dependent on engaging the potentially right 
subcontractor to ensure the success of the project. The selection task is 
unstructured and fraught with a high degree of risk.  
 
Both the donor and non-donor domain experts who were involved with the 
performance validation were asked to assess the three aspects of the system 
utility: (1) the importance of the utility in screening potential subcontractors, 
and (2) the system benefits. The domain experts were also asked to rate the 
SSDSS on the user interface aspect. The detail questionnaire for validation is 
presented in Appendix 6. 
 
The evaluation results provided by the domain experts are shown in Table 
8.3. This suggests that the SSDSS has high system utility. Both the donor 
and non-donor experts strongly felt that: (1) the SSDSS offers a structured, 
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well-organized approach to select potential subcontractors; (2) the user’s 
interface of the SSDSS has been well designed and facilitated with an easy 
consultation process; and (3) the SSDSS provides a systematic framework to 
assist the main contractor in selecting a subcontractor. 
 
Table 8.3 Results of System Utility Assessment 
Validation Result 
Validation Test Validation Measures 
Donor DE Non-donor DE 














2. User Interface 
design 
3. Benefits of the 
system: 
- Preservation of the 
expertise 
- Training tool  
- Ability to store and 
retrieve 
information 
































Based on these results, it can be concluded that adequate care has been paid 




SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  
 
9.1 Summary 
The growth in building refurbishment (BR) works and related activities is 
creating new and interesting financial questions. The management domain of 
refurbishment, however, remains one of the least understood sectors in 
Architecture-Engineering-Construction (AEC) practices.  
 
BR projects differ from new-build projects. The former are perceived to be 
more difficult to manage than new-build projects. Estimating and tendering 
for refurbishment projects carry higher risks in the face of such uncertainties. 
In the management of BR projects, the level of management during 
construction, and the need for effective communication among the project 
team members (including clients and tenants) is far greater than for a new- 
build project. Good communication skills are vitally important between the 
main contractor and subcontractor. Subcontractors perform vital roles in 
these projects; time and cost over-runs, and contractual disputes are 
common in these projects. Currently, however, there is a lack of knowledge 
relating to the selection of subcontractors for BR projects. Typically, the task 
is performed in an unstructured, intuitive manner with considerable reliance 
on experience or judgment, and the quotation price seems to be the only 
consideration.  
 
These gaps justify the need for improving the existing selection procedure. 
There is a need to develop alternative approaches to improving the 
effectiveness of decision techniques. This research provides a formalized and 
structured approach to the selection of subcontractors for building 
refurbishment projects. To extend the development of decision support 
system application, this study introduces a computer aided decision support 
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system for assessing a potential subcontractor. This research develops and 
tests a selection model, encompassing the following stages:  
 
1. Knowledge acquisition to identify the selection criteria and classify 
significant factors affecting the selection of BR subcontractors.   
2. Computer aided decision support system development to implement the 
criteria, which consists of formulization of knowledge. 
3. Hypothetical project to explore the model application. 
4. Validation of the model to test the robustness of the model. 
9.1.1 Knowledge Acquisition 
The knowledge of subcontractor selection for BR work was captured mainly 
through a comprehensive literature review, interview of DEs (see Chapter 6), 
and a structured questionnaire survey of BR practitioners (see Chapter 7). 
The literature review identified the criteria necessary for consideration during 
subcontractor selection for BR works. It also identified subcontractor 
attributes worthy of investigation when evaluating the potential of the 
subcontractor firms. Furthermore, the literature review recognized the 
knowledge gaps on subcontractor selection for BR works (see Chapters 2 and 
3).      
 
The foundation of the hierarchical factors started from a comprehensive 
review of the relevant literature (see Chapter 5).  It showed that the decision 
to select a subcontractor for BR works is usually made based on the three 
dimensions of project specifications, subcontractor’s profiles and special 
considerations.  
 
The theoretical background fostered an understanding of the logical 
relationships among the criteria. The logical background knowledge of criteria 
mapping was constructed through a logical relationships diagram of the 
factors, and a logical causal model. This approach was used to explain the 
background knowledge for the relationships between the main contractor, 
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subcontractor and project characteristics to arrive at a decision. The logical 
causal approach was used to explain logical relationships of the driving 
factors affecting the decision maker’s achievement of objectives. The 
importance of the causal model was to understand the organization and its 
interaction with its environment.  
 
Based on the logical relationships, the 3 factors could be elaborated into 9 
criteria and 39 attributes as follows: 
1. Project Specifications 
1.1. Price specifications (4 attributes) 
1.2. Time specifications (3 attributes) 
1.3. Quality of technical proposal (5 attributes) 
2. Subcontractor profiles 
2.1. Organization characteristics (3 attributes) 
2.2. Personnel qualifications (2 attributes) 
2.3. Financial Performance (3 attributes) 
2.4. Relevant experience (2 attributes) 
2.5. Past performance (13 attributes) 
3. Special considerations 
3.1. Qualitative aspects (4 attributes) 
 
In order to check for the admissibility and the level of importance of these 
factors, criteria and attributes, a national survey was undertaken. Based on 
the weightings of 39 attributes, the overall top 5 rankings were: 
1. Number of references 
2. High quality workmanship 
3. Responsiveness  
4. Safety history 
5. Competitive price 
 
In summary, the survey revealed that the subcontractor characteristics, 
especially past performance related criteria were ranked the highest. This 
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finding does not seem to support the current tender practice that relies on 
the lowest bid.  
9.1.2 Development of Computer Aided Decision Support System 
Decision support systems (DSS) are computer-based systems used to assist 
and aid decision makers in their decision making processes. The computer 
aided decision support system has several characteristics that may lend 
assistance to improving subcontractor selection decisions. The development 
process promotes a better understanding of both the domain’s structure and 
the relevant expertise. This can be particularly beneficial in non-formal, 
semi-structured managerial domains such as BR works which are 
characterized by complexity and multiple expertises. Thus, through the 
development of the KBS, which is called the “subcontractor selection decision 
support system” (SSDSS), a main contractor can gain a better understanding 
of the subcontractor selection decision-making process, thereby ensuring 
that subcontractor selection is carried out in a more systematic and objective 
fashion. This, however, also revealed that the model is expected to perform 
as a tool to the decision-makers and not to replace them.  
 
The literature review on knowledge-based systems (KBS) showed that the 
KBS can be used to document expertise, thereby making this knowledge 
transferable to non-experts more effectively. The KBS could provide means 
of consolidating inputs from the multiple DEs, to help minimize human 
imperfection and bias.   
 
The knowledge of the subcontractor selection process was elicited through 
interviews with the domain experts. The transcripts of interviews were 
analyzed and transferred into knowledge rules. The logical evaluation 
approach of the model is to match the main contractor’s objectives with the 
subcontractor’s attributes. The evaluation model adopts both the quantitative 
and qualitative approaches, considering multiple attributes of subcontractors, 
and qualitatively rating them against the main contractor’s objectives. As 
 199
pointed out in the earlier chapters, a suitable solution for a qualitative 
problem was to utilize the basic principle of rule based reasoning (RBR) 
approach, and the multi-criteria decision making technique (MCDM) for 
quantitative problems.  
 
The numerical outputs of the evaluation are representative of the 
performance of the subcontractors for BR works. In addition, the analysis 
suggests that the higher the criterion scores, the better the attributes would 
be and the greater would be the performance of the subcontractor. In order 
to achieve the numerical outputs, the SSDSS processed all values in 10 
essential steps:      
1. Identify selection criteria 
2. Identify control and input type of each attribute 
3. Maintain rule base or knowledge base  
4. Determine weighting criteria 
5. Gather the project data and general information 
6. Gather data from subcontractors 
7. Collect data from third party references 
8. Apply data collected to project requirements 
9. Rate and score the result from (8) 
10. Establish a final ranking.   
 
In the SSDSS, the first 4 steps relate to the development environment and 
the rest are related to consultation environment. The development 
environment can be skipped when the new BR project is comparable to 
previous BR project. The SSDSS developed combines the knowledge-based 
and data-based systems, and has the capability to keep the information. 
Hence, the more projects that are captured in the system the more robust 
would be the model.       
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9.1.3 Application and Validation of the SSDSS 
In order to apply the model, a hypothetical but realistic project and 
subcontractors were assessed using the SSDSS (see Chapter 8). The 
application of the model showed the comprehensive outputs that were 
facilitated through investigating the subcontractors’ attributes. The exercise 
demonstrated that the lowest price may not necessarily be the dominant 
criteria. Instead, the highest scores are achieved by the potential 
subcontractor who has many references and a good past performance record. 
       
Application and validation of the SSDSS has been done through evaluation 
and selection of hypothetical potential subcontractors. The system 
demonstrated that the IDSS approach can be successful in the decision-
making process for BR works. The validation has also included the criteria for 
effective CADSS (see Chapter 2). The model developed in this research 
provides for a consistent evaluation and selection of potential subcontractors 
and allows for transferability among groups in the organization as well as 
training of professionals to manage the tender process. The validation results 
of the system show promise in supporting effective decision-making (see 
Chapter 8).   
9.2 Limitations of Research 
In the data gathering process, it was difficult to determine the target 
population of BR contractors. As there is no formal list of BR contractors in 
Singapore, the data was gathered from personal contacts and building 
owners such as NUS’ Office Estate and Development (OED), Singapore 
Polytechnic, Ministry of Education, quantity surveying companies, etc. These 
data are cross-checked with the “BCA Directory of Registered Contractors” 
and the “Directory of Contractors” published by the Singapore Contactors’ 
Association Limited (SCAL). This approach may inadvertently exclude some 
main contractors who have had experience in BR projects.  
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The KBS was developed based on the knowledge captured through interviews 
with the domain experts (DEs). However, meeting with qualified DEs was a 
difficult task.  Prerau (1990) suggested that the quality of DEs might be 
considered through their educational level, work experience, communication 
skills, cooperation, availability, computer background, and willingness to 
cooperate in the KBS development process. Although DEs may meet these 
requirements, they may have difficulties in articulating their experience.  
 
The factors, criteria and attributes of the model were rated based on the 
respondents’ perceptions. The weights derived from respondents’ perceptions 
may not be totally reliable because different respondents may attach 
different values to different points of scales.  
 
Performance and system utility of the model has been validated; however it 
was limited in finding a correct selection. More rigorous methods are difficult 
to implement in construction. The boundaries of the SSDSS, which indicate 
conditions of the system may give incorrect answers, were untested.   
9.3 Conclusions 
With rapid development of the construction industry, BR works would play an 
increasingly important role in the industry. It is a well known fact that BR 
projects are perceived to be more difficult to manage and with higher risks 
and uncertainties than new-build projects. Estimating and tendering for BR 
projects carry a higher risk in the face of such uncertainties. Such projects 
are more labor intensive than new-build projects, and they typically involve 
several trade subcontractors from start to finish. It has also been found that 
although BR work is presently recognized as a distinct sector in Singapore 
construction industry, hardly any information concerning the selection 
process of subcontractors for BR works in Singapore.  
 
This present research identifies the main factors, criteria and attributes that 
need to be considered in selecting BR subcontractors. It would appear that in 
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most of the previous studies, the criteria for subcontractor selection relied 
heavily on the price factor. However, this present research found that there 
is a combination of criteria, apart from price, which main contractors should 
consider when selecting subcontractors for BR projects. This present research 
found that apart from the price factor, the respondents also desired to 
involve many qualitative and quantitative factors in their decision-making 
process.  
 
This present research found that the price factor was one of the 5 most 
important factors. The price factor, which was ranked highly, is in line with 
conventional tender practices where the lowest bid is the most dominant 
criteria. However, the intention to consider more qualitative and quantitative 
factors would undermine such conventional practices. The number of factors 
involved in decision-making meant that a proper tool was needed, but no 
such model existed thus far. Hence, an innovative method was needed to 
accommodate the motivation and the recent shift from price as a single 
criterion (low bid procurement) to multiple performance criteria or 
performance-based systems. This present research developed a decision 
support approach for selecting BR subcontractors. 
 
This present study provided appropriate variables that should be considered 
by the main contractor when selecting subcontractors. The use of rankings 
and weightings would assist the main contractors in evaluating the existing 
selection methods concerning the criteria employed and the level of 
importance attached to them.  
 
This present study constructed a hierarchy of factors, criteria and attributes 
and highlighted the important factors for selecting subcontractors in BR 
works. However, the study was not intended to identify the most popular 
subcontractor selection factors. The study worked on the premise that there 
was a better combination of selection criterion, apart from price, that main 
contractors should always consider for selecting subcontractors for BR 
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projects. When these criteria and their level of importance were identified 
and determined carefully, the development of an innovative model for 
subcontractor selection can be facilitated.  
 
Based on the test of the hypotheses, one sub-hypothesis (attribute) “H2.2.1: 
Main contractors select subcontractors for BR projects based on their related 
certificates” was rejected as it was considered to be an unimportant 
attribute. Therefore this attribute (certificates) was excluded from the 
system. The rest (39 attributes) were accepted. It can be concluded that the 
general hypothesis “There is a combination of criteria, apart from price, 
which main contractors should consider when selecting subcontractors for BR 
projects” was accepted. 
 
According to the statistical test, three specific hypotheses: 
“H1. Main contractors select subcontractors for BR projects based on the 
project specification; H2. Main contractors select subcontractors for BR 
projects based on the subcontractor’s profile; H3. Main contractors select 
subcontractors for BR projects based on their special considerations”, may be 
supported. The findings were consistent with experts’ views that some of the 
decisions could be based on subjective (qualitative) rather than objective 
criteria such as low price; and data on subcontractors’ profiles are essential 
for performing an evaluation. 
 
The construction of the hierarchy, aggregating the scores, and ranking of the 
factors was embedded in the computer model. The significance of the model 
is that an integrated qualitative and quantitative analysis can be facilitated in 
one system. This can help the main contractor to make rational decisions for 






9.4 Contribution to knowledge 
There were knowledge gaps in the evaluation methodologies for selecting 
subcontractors for BR projects. The literature revealed some gaps in the BR 
work area, an area which remains one of the least understood sectors in the 
Architecture-Engineering-Construction (AEC) industry. In Singapore, 
although BR works were recognized as a distinct sector of the construction 
industry, hardly any publications relating to this field existed.  
 
This research could answer various aspects of the knowledge gaps through 
synthesizing empirical works that have not been done before. This present 
research contributed towards enhancing the practice of subcontractor 
selection in BR works. 
 
This research adds to previous work on the selection of BR subcontractors, 
especially on a theoretical framework of the factors affecting the selection of 
subcontractors. This research also yielded a computer model which extended 
the conventional method of subcontractor selection. Although the present 
survey was conducted in Singapore, the literature review suggested a 
general comparison that can be investigated elsewhere. 
 
The research was multi-disciplinary in nature and used different 
methodologies adapted from earlier studies. Specifically, this research 
aimed:   
1. To develop a formalized and structured approach to the selection of 
subcontractors for building refurbishment projects. 
2. To enhance the main contractor’s understanding of the key criteria, and 
the interrelationships, affecting its selection and appointment decision 
process.   
3. To provide a computer aided decision support system that would facilitate 
an integrated qualitative and quantitative analysis to help the main 
contractor in making optimum decisions for selecting subcontractors for 
BR projects.  
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4. To initiate a computer tool in a knowledge-based system, hence the main 
contractors do not necessarily need in-depth experience for subcontractor 
selection. 
  
9.5 Recommendations for Future Work 
The research has raised several important questions, which indicate possible 
direction in which future work in this area could be pursued. 
 
The process of subcontractor selection needs to be standardized. This 
research did not differentiate the work type of subcontractors. In fact, the 
subcontractors exist because of their specializations. Future studies can be 
done on whether there is a significant difference when subcontractors are 
evaluated according to their different specializations. 
 
In practice, rating the subcontractor attributes is based primarily on the 
judgments of the respondents. Hence, a complexity measure for these 
attributes should be developed. This measure can be applied to a BR project 
to provide the decision makers with a formalized technique for evaluating the 
difficulties associated with the BR project.  
 
Additional research on the development of the knowledge base for 
subcontractor selection should be conducted. More validation of the model 
may include testing the boundaries of the model, which case can not be 
solved. By increasing the depth and width of knowledge contained within the 
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Detail of Knowledge Acquisition and Computer Techniques 
 
1. Knowledge-base Engineering   
The process of developing a KBS is called knowledge-base engineering. This 
often involves a collaborative process between the knowledge engineer, and 
single or multiple DEs. Construction of a KBS helps the experts to articulate 
what they know. The KBS can be viewed as having two environments: the 
development environment and the consultation environment. The earlier 
environment is knowledge-based engineering, which is used by a KBS engineer 
to build the component and put knowledge into the KBS. On the other hand, the 
consultation environment is used by a non-expert to obtain expert knowledge 
and advice.  
 
The knowledge engineer elicited knowledge from the DEs, refined it with the 
expert, and represented it in the knowledge base. The knowledge engineering 
process, which is shown in Figure A1.1, consists of five consecutive but 
overlapping activities (Marakas, 1999; Durkin, 1994):  
1. Problem assessment  
2. Knowledge acquisition  
3. Model Development 
4. Model Application  
5. Validation.  
 
The first activity (problem assessment) has been justified in Chapter 1. In this 
chapter, only the method of Knowledge Acquisition is discussed. The model 




























Figure A1.1 Process of Knowledge-based Engineering 
 
 
2. Method of Knowledge Acquisition (KA) 
Having the problem assessment concluded, the KA was carried out. The KA is 
one of the major bottlenecks in the development of KBS. It was technically 
challenging and time consuming because the process was hard to formalize, the 
knowledge representation between KBS and sources of knowledge might be 
widely mismatched, and the methodologies for knowledge acquisition were fairly 
few (Chien and Ho, 1994; Nwana, et al., 1994).  
  
The artificial intelligence literature identified several methods that could be used 
for KA. These consist of direct methods such as structured and unstructured 
interviews, protocol analysis, and onsite observation and indirect methods such 
as general weight networks, repertory grid analysis, etc. Most of these methods 
were imported from psychology practices (Durkin, 1994; McGraw et al, 1989; 
Medskar et al, 1995; Scheiber, 2000). These methods can be classified into 
 237
three broad approaches of KA: automatic, semi automatic and manual methods 
(Turban and Aronson, 2001; Schmoldt and Rauscher, 1996). More information 
concerning this topic can be found in Turban and Aronson (2001), and Schmoldt 
and Rauscher (1996).  
 
This research applied the manual methods. Turban and Aronson (2001) noted 
that manual methods are an advantage if the knowledge engineers have 
knowledge about the domain. In this case, the author, as a knowledge engineer, 
has knowledge and experience on building construction projects. 
2.1 Interviews 
The most common technique used for knowledge elicitation today is the 
interview technique (Gonzalez and Dankel 1993; McGraw and Briggs, 1989; 
Schmoldt and Rauscher, 1996). The purpose of this interview model was to 
allow the knowledge engineer to obtain a deep-seated rule structure concerning 
DE’s performance on tasks.  
 
The interview can be distinguished into two methods: unstructured and 
structured methods. Each method can be appropriate given the goals of a 
session (Davies and Hakiel, 1988; Johnson and Weller, 2002; McGraw and 
Briggs, 1989). An unstructured interview is without details and characterized by 
lack of organization. This technique might be useful during initial stages of 
knowledge acquisition, as “ice breaker” communication technique, or when the 
knowledge engineer wants to explore an issue. Its lack of structure permits a 
sort of free association dialogue that may illuminate many of the major issues 
that are important but may also have some drawbacks. This method is 
therefore, sometimes inefficient at collecting knowledge because of 
redundancies and omissions (Schmoldt and Rauscher, 1996).    
 
On the other hand, a structured interview provides a structure by developing a 
carefully pre-planned series of ordered questions (Johnson and Weller, 2002). It 
is appropriate when the knowledge engineer desires specific information (i.e. 
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issue of clarification). Sestito and Dillon (1994) noted that the structured 
interview is the most widely used in practice, and it has been found by some 
researchers to be the most effective. This is because the technique forces the 
DEs to attend to the interview task systematically. Mockler and Dologite (1992) 
added that the structured interview technique is generally effective only after 
the initial KBS has been established, and used to refine the KBS.  
 
However, Wagner, et al. (2002) argued that although unstructured interviews 
have many criticisms, they still have a valuable place in the knowledge 
engineer’s tool kit since they allow the greatest possible freedom for the 
knowledge engineer and expert to explore the topic. The unstructured interview 
could enhance the result of the structured interview. 
 
In this present research, both the unstructured and structured interviews were 
adopted. The unstructured interview was applied in the initial step to explore the 
knowledge of the subcontractor selection process for a BR project, before the 
structured interview was carried out.    
2.2 Questionnaires 
In this present research, the attitudes and beliefs of the respondents regarding 
the weighting criteria in selecting BR subcontractors were elicited through 
mailed questionnaires. The questionnaire design was developed following the 
guidelines mentioned by Frazer and Lawley (2000); and Guida and Tasso 
(1994):  
1. It must be clear, unambiguous, uniformly workable, and easy to answer.  
2. It should be designed to minimize potential biases and errors from 
respondents. 
3. It should help to engage the interests of the respondents since people’s  





The questionnaire used in this investigation consists of three parts: (1) 
respondents classification, (2) rating the impact of criteria utilized in decision 
making for BR subcontractor selection, and (3) inviting respondents to add 
further criteria. The format, structure, and decision criteria used in this 
questionnaire were based on the results described in the literature review and 
DEs interview. 
 
The first part of the questionnaire included the category of the company 
represented (BCA registration work-heads) and financial classification. Besides 
that, the questionnaire covered the way in which the organization makes 
decisions for subcontractor selection, such as, decision policies, methods, and 
tools. The questions on respondent’s designation, and years of company 
experience in BR projects were also asked to determine if the respondent had 
the relevant experience and knowledge.  
 
For ease of the respondents, the questionnaire facilitated a combination of a 
nominal and contingency question. In the nominal question, the respondents 
tick the appropriate boxes. In the contingency question, the respondents tick 
“yes” and “no” answers. They then specify their answers if they chose “yes”.  
 
In the second part of the questionnaire, the respondents were requested to 
decide which attributes affect their decisions. The decision attributes are 
essential because they influence the objectives of the decision makers directly. 
According to the literature review, a decision is mostly related to project 
specifications, subcontractor characteristics, and/or special consideration 
(qualitative aspects).  
 
Although a long questionnaire has the advantage of increasing reliability with 
more items to be measured, studies have found that long questionnaires cause 
a fatigue effect and would not generally be filled out carefully (Borcherding, 
1991). To reduce the number of questions, one question may represent two 
comparable attributes, for example, material and equipment used. The strategic 
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grouping of the factors is necessary to reduce the length of the questionnaire. 
However, it should be carried out carefully since grouping factors may produce 
ambiguity.  
 
In this present survey, 40 attributes were tested. The attributes were defined as 
an item used to facilitate a more refined decision associated with a decision 
criterion. The numbers of questions were assumed to balance the increase of 
reliability when more items were being measured against a potential decrease in 
reliability due to measurement error that may arise from the fatigue effect.     
 
The weighted decision criteria of respondents were measured on an interval 
level. There were some opinions regarding interval rating, from 1-3 to 1-11, 
either using odd or even numbers. This present research uses the most common 
1-to-5 rating or bipolar scale, which is also called the Likert response scale. In 
this present research, ranking the attributes was requested in the order of [1] 
representing “very unimportant”, [2] for “unimportant”, [3] for “good to have”, 
[4] for “important”, and [5] for “very important”. Justification for using the 5-
point Likert scale is discussed in Section 2.1.5.2. 
 
The third part of the questionnaire consisted of two “open” questions. The 
respondents were invited to add further criteria that affected their selection of 
BR subcontractors and to rate the level of importance of these criteria. In 
addition, the respondents were requested to give any miscellaneous information 
describing their BR subcontractor selection process. The questionnaire form is 








2.3 Improving the Success Rate 
The questionnaire used mainly the “closed” type of questions to identify the 
respondents’ choice of important level of criteria. The closed type questions 
have more advantages than open type questions because these are easier to 
respond to and consequently will improve the response rate, and the 
terminology is limited and standardized which then simplifies into subsequent 
analysis (Nkado, 1995).    
 
Another way to improve the success rate for completion of this questionnaire 
was to use the following technique: 
1. Supplying a self-addressed and pre-stamped envelope. 
2. A number of respondents were personally contacted by telephone and e-
mails.  
3. Assurance was given on the cover letter of the questionnaire that all 
information would be treated in the strictest confidence. 
 
2.4 Pilot Survey 
Pilot survey is one of the methods used to improve the success rate of the 
survey. Before the questionnaires were posted, a pilot survey was conducted. 
Walker (1997) suggested that a pilot or pre-test questionnaire often helps to 
ensure that the instrument meets the essential guidelines. A pilot survey helps 
to confirm the severity of the problems identified, and checks whether the 
questionnaire contains all the criteria viewed as important features for 
subcontractor selection.  
 
A pilot survey is usually carried out among a small sample before a full-scale 
sample is realized (Fellows and Liu, 1997). The draft questionnaires were 
discussed with the two DEs and a group of researchers at School Design and 
Environment, National University of Singapore who have done extensive 
research in construction management.  
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In general, feedback from this pilot survey indicated that the attributes listed in 
the questionnaire were appropriate. The two DEs suggested changing the format 
of the questionnaire. They found difficulties following the long list of questions in 
the table format, and reported that they were likely to get lost in the middle of 
the questionnaire.  
 
The group of researchers advised revision of Part A of the questionnaire 
(respondents’ particulars). They suggested that a number of questions should be 
added to elicit more details about the respondents, such as the methods used by 
the contractor to assist in decision-making for the selection of subcontractors. 
Another suggestion was to use nominal questions (multiple choices), where 
range category answers was provided. The multiple choices question makes it 
easier for the respondents to answer the questionnaire, and could improve the 
success rate. Based on this feedback, the questionnaire was revised.  
 
The feedback from this pilot survey was used to refine the questionnaire. The 
revision of Part A of the questionnaire was to add the number of questions from 
5 to 7. The table format of the questionnaire was revised to be more readable 
and organized than the initial draft.      
   
2.5 Data Analysis 
Integrating the opinions of several experts is an important step. According to 
Mak et al (1996), the elicitation of knowledge from several experts can be 
aggregated using several methods such as the ID3 pattern classification 
method, neural network and statistical method. Mak et al (1996) evaluated 
these methods and found that the main advantage of the ID3 procedure is the 
ease in which it can be automated. However, ID3 method cannot readily update 
the decision without having to build the entire tree.  
 
The neural network method outperformed the other methods in robustness and 
predictive accuracy. However, in spite of its better ability to validate and predict, 
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the neural network method has been criticized for its poor explanatory 
capability. It is difficult to explain why a particular conclusion was reached (Yoon 
et al, 1994; Garson, 1991).  
 
The statistical method is the most common technique used. It can be a 
combination of rule-base and statistical methods; however, they are not known 
for their ability to explain how they reach conclusions (Carlson and Turban, 
2002; Castillo and Alvarez, 1991).  In developing the SSDSS, explanatory 
capability, why and how the decision is made, is essential.  
 
There are three popular approaches of the statistical methods; multiple 
regression analysis, mean of Likert scale, and test of the mean. 
 
2.6  Multiple Regression Analysis Method   
The general purpose of multiple regressions (the term was first used by Pearson, 
1908) is to learn more about the relationship between several independent or 
predictor variables and a dependent or criterion variable (Stat-Soft, 2003). 
Multiple regressions is a powerful and flexible method in analyzing the 
relationship between a set of independent variables and a single dependent 
variable (De Vaus, 2002). Multiple regression can also be used to obtain weights 
of criteria. The mathematical equation of the multiple regression model would 
be: 
 
nn XXXY βββα +++= 2211 …………………………………………………….(A1.1) 
where:  
Y is the value of respondent variable,  
X1, X2, ...Xn are independent variables 
β1, β2, ...βn are constants for X1, X2, ...Xn 
α1 is an additional constant. 
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Following a regression equation application, the parameter α and β values are 
determined. For application in the weighting criteria, value of the dependent 
variable, Y (for example, performance of subcontractor) and independent 
variables, X1, X2, ...Xn (for example, quotation price, quality of technical 
proposal, experience, and past performance), and β1, β2, ...βn are weights for 
independent variables. 
   
However, regression analysis has several limitations for weighting criteria. It 
works best with variables on the interval and ratio scales i.e. quantitative 
variables (De Vaus, 2002). The regression analysis is complex and needs holistic 
judgments. In order to apply the multiple regression models, the independent 
variables have to be tested for multicollinearity or singularity (Kinnear and Gray, 
1994). If the predicted variables are inter-correlated, the results are non-
unique. In practice, the qualitative variables are difficult to test for 
multicollinearity or singularity, and the value of Y is difficult to obtain. Based on 
these reasons, this method is not suitable for this present research. 
 
2.7 Likert Scale 
Rensis Likert (1932) was the first to introduce a measurement method, called 
the Likert scale, used in attitude surveys. The Likert technique presents a set of 
attitude statements. The Likert scale items are useful for gathering respondents' 
feelings, opinions, attitudes, etc. on any language-related topic. Respondents 
are asked to express agreement or disagreement on a number-point scale. Each 
degree of agreement is given a numerical value from one to five. Thus, a total 
numerical value can be calculated from all the responses (CCMS, 2003).    
 
Likert scale items are most often used to investigate how a respondent rates a 
series of statements by having them circle or mark a numbered category, for 
examples, 1-to-3, 1-to-5, 1-to-7, or 1-to-9 (Brown, 2003). The scores are used 
to elicit the attitude, and they are converted to a mean important rating, and 
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then further converted to an attribute weight. For instance, in the five-point 











ah is the mean importance rating of an attribute, 
n1 , n2 , n3 , n4 , and n5 represent the number of subjects who rated the 
attribute as 1, 2, 3, 4, and 5 respectively on the Likert scale. 
 
The mean importance rating is normalized through the value of an attribute 
divided by the sum of all mean importance rating. This is similar to a relative 











  ………………………………………………………….…………(A1.3) 
where: 
Wi is the weight of attribute 
Ai is the mean importance rating of an attribute 
 
The mean Likert method has been widely used in AEC research, such as, Ling et 
al (2003), Bubshait and Al-Gobali (1996), Tam and Harris (1996), Holt (1992), 
and Russell (1989). This technique is relatively straightforward by asking the 
decision maker to indicate the level of importance of an attribute on a fixed 
scale. Because of these reasons, the method is suitable for this present survey.   
 
Limitations and Point Scale  
One of the limitations of the Likert method is the difficultly in establishing 
consistency between people. It is difficult to ascertain the mental scales 
individuals use when they express opinions as ratings, for example, in a similar 
statement, one decision maker is a 2 while others might be a 3. This limitation 
can be reduced in a number of ways to make ratings more consistent so that 
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comparisons between individuals are more reliable. For example, the way rating 
scales are labeled and the number of values in the scale can greatly affect 
consistency of the data.  
 
The number of values and labels should be bipolar, as shown in Figure A1.2, 
which means that there is a neutral point and the two ends of the scale are at 
opposite positions of the opinion, for example: 
1 for “very unimportant”  
2 for “unimportant”  
3 for “good to have”, ---- neutral 
4 for “important”  
5 for “very important” 
 
 






Figure A1.2 Bipolar of Likert scale  
 
There are some different views regarding the number of points on the scale, for 
example, whether to use an even number of options (say 4-point scale) or odd 
number of options (say 3, 5, or 7-point scales). Given the possibility of a neutral 
option (like the 3, 5, or 7), such respondents will tend to take that neutral 
option. The even number of options is to provide those respondents who tend to 
"sit on the fence" on Likert scale items. If respondents are forced to express a 
definite opinion one-way or the other, an even number of options (1, 2, 3, and 
4) may be used, from which they must choose either in the positive or negative 
direction.  
 
Brown (2003) found that when using such four-option Likert scale items, most 
respondents will still tick 2 or 3, but they are at least expressing some opinion, 
one way or the other. However, even so, Brown (2003) has found a few 
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respondents who are prone to select the neutral answer that they circled the 
space between the 2 and the 3 in the 4-point scale, which means they needed a 
neutral point.  
 
Furthermore, using an even number of options forced a majority of the 
respondents to go one-way or the other. However, by doing that, the 
questionnaire may have forced the respondents to have an opinion when they 
really did not. For attitude measurement, the neutral rating is actually a good 
indicator and a desirable score (Aronoff and Kaplan, 1995). In such cases, the 
respondents will be given an odd number of options with a neutral position in 
the middle. For these reasons, the odd number of options is superior to the even 
number of options.    
 
The odd number of options would be a reliable indicator of the respondent’s 
opinion. For instance, the 5-point scale of extremely important to extremely 
unimportant (see Figure A1.2), comparing a rating of 2 to a rating of 3 is more 
certain than comparing a rating of 1 to a rating of 2. The difference between a 3 
and a 2 is more certain, because it is a qualitative difference between neutral 
and positive opinion. Therefore, it would be quite confident that someone rating 
the statement with a 2 really thinks it is unimportant than someone rating with 
a 3. For these reasons, several researchers used a three-point scale.  
 
For the three-point scale, individuals will clearly understand the meaning of each 
option, and different people will understand them the same way. However, the 
precision of the measurement has been decreased by giving only one degree of 
important or unimportant instead of two. The more closely the labeling and size 
of the scale match the way people think about their preference, the better will 
be the trade-off between accuracy and precision.  
 
Several researchers have stretched the scale up to 7 or 9 points. However, the 
subtle shades of meaning offered by the larger scales are interpreted 
inconsistently by respondents and an increasing level of random error in data 
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can occur. The additional values in the seven or nine-point scale create 
uncertainty about the best way to choose an answer; it does not represent the 
true distinctions in people’s opinions. In this case, the additional levels in the 
seven-point scale would be more likely to add random error to the data than to 
contribute any additional information.      
 
Although an attitude survey typically use scales with ranges of three to eleven 
items, the most common used is a five-point Likert scale. Aronoff and Kaplan 
(1995) also found that a five-point scale generally works best for diagnostic type 
questionnaires.  
 
In addition, Brown (2003) suggested that the respondents with similar 
background or expertise would reduce possible inconsistency. In this research, 
the contractors who have experience and similar background in BR projects 
were asked to review the weighting criteria. Based on the discussions above, the 
odd number of options within the five-point scale was utilized in this survey. 
 
2.8 Statistical tests of the mean 
After calculating the mean importance rating, the most important attributes 
according to the BR contractors’ population were assessed. Statistical tests of 
the mean were carried out to check whether the population considered the 
attributes important or not. This test aims to test the research hypotheses.  
 
There are five general steps to take in the application of a statistical test to any 
null hypothesis:  
1. A statement of the null hypothesis 
In each attribute, the null hypothesis stated that the attribute was 
unimportant while the alternative hypothesis stated that the attribute was 
important. The null hypothesis is represented by this equation: 
 
  H0:μ ≤ μ0 …………………………………………………..…….. (A1.4) 
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against the alternative hypothesis that would be presented by the 
equation: 
   
H1:μ > μ0 ……………………………………..………………….. (A1.5) 
 
2. Setting the level of risk associated with the null hypothesis 
The significance level (α) for this study was set at 0.05 following the 
conventional risk level. This means that there was a 95% certainty that 
the result was not due to chance and that the finding was significant at 
the 0.05 level.  
 
3. Selection of the appropriate test statistics 
In this research, the most appropriate test statistics for examination of 
the importance of the variables was the t test.     
 
4. Computation of the test statistics value 













 …………………………………………………… (A1.6) 
  
where: the random variable t(n-1) follows a Student’s t-distribution with n-
1 representing the degrees of freedom. 
_
X is the sample mean, which is similar to the attributes mean (ah) 
Sx is the sample standard deviation 
n is the sample size 
μ0 is the critical rating above which the attribute has considered 
important. In this study it was fixed at 3 because by the definition given 
in the Likert rating scale, ratings above 3 represented “important” and 
“very important”  
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 5. Determination of the value needed for rejection of the null hypothesis  
The decision rule was to reject H0 when the calculated t value was smaller 














3. Determining the Computer Language  
Choosing which software tool to use is a major decision in the development 
process and depends on several important factors. For example, is the 
programming capability available in-house, and if so, which languages are used? 
What type of computer system will be used to develop the software and what 
are the users’ host computers?  
 
The fastest and easiest approach to build a KBS is to use an ES shell. The ES 
shell is handy to use for knowledge engineers who have limited experience with 
software or high-level languages. The most popular AI languages or Expert 
System (ES) Shells are the List processing (LISP), Programming in logic 
(PROLOG), and Official Production System 5.5 (0P5.5). However, ES Shells 
cannot be delineated in popularity because most of ES shell are domain-specific. 
Hence, a popular ES shell in one domain may not be popular in another domain 
(Stylianou, et al., 1995).  
 
Some applications of the ES Shells have been implemented in the AEC areas 
including the following examples: the Kappa-PC version 2.1 (e.g. Brandon and 
Ribeiro, 1998); the Level 5 Object release 3.6 (e.g. Mohammed and Celik, 
2002); and the Leonardo Expert Shell system (e.g. Okoroh and Torrance, 1998). 
However, the latter model has a weakness in that it has poor performance at the 
user interface, because the operating DOS system is unable to develop a fine 
graphical user interface (GUI). 
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 In addition, other critics argued that because the ES shell is inflexible, the ES 
shell should be developed particularly for certain problem domains. Most of the 
ES shell software that is available in the market is developed for specific tasks. 
They are unable to subdivide rules into various sets that can be arranged into a 
hierarchy.  
 
On the other hand, the high-level language is very flexible; it tends to run more 
efficiently than the AI language (e.g. ES Shell) on the personal computer 
(Stylianou, et al 1995). Presently, many commercial vendors have moved away 
from the ES shells (LISP and PROLOG) toward high-level languages such as 
Java, C++ and toward shells and other tools that run on standard hardware. 
 
In this present research, the high-level language (HL) was chosen using the IBM 
PC platform with the Microsoft Windows operating system. The reasons HL was 
selected over other software include: 
1.  The execution of HL is generally faster compared to the ES shells.  
2. The flexibility HL has as a general-purpose high-level computer language, 
which is a great advantage over the ES shells. The latter tends to be 
restrictive and is only ideally suited to a relatively narrow band of 
applications. 
3. Accessing data in files and input/output in general are much more 
straightforward in HL than in the ES shells. 
4. The HL lends itself very well to portability between different types of 
computers and different operating systems.  
5. The wide availability of off-the-shelf software that is based on HL can be used 
to enhance the user interface.  
 
Based on the superiority of HL over the ES shells, the Visual Basic (VB) V.6 was 
chosen for the following reasons:  
1. The author is familiar with VB, which performs the same job with other HL 
such as C++, Java, FORTRAN, etc.  
 252
2. Most PCs utilize the Microsoft (MS) Windows as the operating system, and VB 
was produced by MS. Hence, the programs under VB will be robust when 
operating in a MS environment. 
3. VB can be linked effectively and easily to the SQL database Microsoft Access 
(Reselman and Peasley, 1999).  
4. VB is powerful for the development of a friendly GUI. VB became widely 
popular when it was first introduced because of its ability to build easily and 
quickly Windows-based user interface. It has a number of features that assist 
the user in designing a Windows compatible GUI (Jerke, 1999; Shelly et al, 
1999; Zak, 2001).  
5. Unlike the old version, the new version of VB adapts readily to object-oriented 
(OO) software (Reselman and Peasley, 1999). Hence, it is comparable to 
other popular OO software, e.g. Java.  
 
Finally, a major goal in knowledge engineering is to construct programs that are 
modular and transparent in nature such that additions and changes can be made 
in one module without affecting the workings of other modules. In this case, VB 
is appropriate for implementation in this research. 
 
4. Designing User Interface 
User interface serves to provide the end user with a friendly means of 
communicating with the computer program. This interface can be used for 
enabling the computer program to pose questions to the user about the problem 
at hand, providing explanations, displaying the results, and many other 
functions.  
 
Most of the early KBS were designed to interact with the user using only text, 
such as KBS of contractors/subcontractor selection by Holt (1998), Russell 
(1992), and Okoroh and Torance (1998). However, viewing display monitors for 
extended periods of time causes eye fatigue and pain in some cases (Turban 
and Aronson, 2001). In an attempt to increase user efficiency and productivity, 
the monitor should display full graphic technology. Today, many software offer a 
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host of features to suit the needs of the user. GUI provides the capabilities that 
enable the user to interact with the model management and data management 
subsystems (Gallo and Hancock, 2002; Shelly, 1995; Turban and Aronson, 
2001).  
 
For this present research, the GUI of the SSDSS environment was developed to 
be user friendly. It also follows the criteria of effective IDSS (see Section 2.6). 
To realize this objective, Durkin (1994) suggested that the three keys to 
effective GUI design are:  
1. Consistent screen format  
2. Clarity of presented materials 
3. Screen control and color.  
 
For example, in a consistent screen format, each screen usually has certain 
types of materials to present, such as title, question and area for answers, 
placed in the same location. The user must always feel that he or she is in 
control when working on the system. These requirements place additional 








SURVEY ON CRITERIA TO BE CONSIDERED IN THE SELECTION OF 
SUBCONTRACTORS FOR BUILDING REFURBISHMENT PROJECTS 
Part A: Respondent’s Particulars 
Please tick the appropriate boxes. 
1. Category of your company in BCA registration work-head: 
 General building contractor:         
 [] A1 [] A2 [] B1 [] B2 [] C1 [] C2 [] C3 
 Repairs and redecorations:     
 [] L1 [] L2 [] L3 [] L4 [] L5 [] L6  
2. Does your company have a written policy or guidelines for the selection of 
your subcontractors?      
 [] Yes  [] No 
3. Does your company have a pool of subcontractors from which you regularly 
select to carry out your subcontracting works?   
 [] Yes  [] No 
4. Does your company have any computer systems to support data processing 
with regards to selection of your subcontractors?   
 [] Yes  [] No 
If yes, please specify the name or type of the software:  
_________________________________________________ 
5. What methods were used by your company to assist decision-making in the 
selection of subcontractors?     
 [] Individual decision-making based upon experience and intuition 
[] Group decision-making based upon informal discussion and using   
    experience and intuition 
[] Others (please specify): ___________________________  
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6. How many years of experience has your company had in building 
refurbishment/upgrading works?     
  [] <5 yrs [] 5-10  [] >10 yrs. 
7. Position of respondent in the firm?    
  [] Director  [] Project manager 
  [] Site manager  [] Estimator   
  [] Others (please specify): _______________________ 
  
PART B: The following factors deal with the selection of subcontractors for 
building refurbishment projects. Please indicate the importance of 
the following factors for subcontractor selection.   
Please circle a number on the scale that you think the factors have an 
impact on subcontractor selection (each line should have one circle).  
1. PROJECT SPECIFICATIONS 




















































How do you rate the importance of the following price factors? 
1.1.1 a low quotation price  1 2 3 4 5  
1.1.2 discount price rates 1 2 3 4 5  
1.1.3 consistent price rate in the price quotation analysis 1 2 3 4 5  
1.1.4 fair terms of payment (e.g. without an advance payment) 1 2 3 4 5  
1.2. Time factors  
How do you rate the importance of the following time factors? 
1.2.1 short project duration  1 2 3 4 5  
1.2.2 an appropriate time schedule in accordance with main 
contractor’s program 
1 2 3 4 5  
1.2.3 appropriate schedule of maintenance (or after sale service 
including warranty) 
1 2 3 4 5  
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Please circle a number on the scale that you think the factors have an 




















































1.3 Quality of technical proposal 
How do you rate the importance of quality of the following factors in the 
subcontractor technical proposal? 
1.3.1 appropriate shop drawings in accordance with the 
specifications and drawings of the main contractor 
1 2 3 4 5  
1.3.2 appropriate construction methods in accordance with the 
main contractor’s plans 
1 2 3 4 5  
1.3.3 appropriate and good quality of materials and equipment 
used  
1 2 3 4 5  
1.3.4 a project quality plan (PQP) 1 2 3 4 5  
1.3.5 appropriate health, safety, and house keeping program 1 2 3 4 5  
2. SUBCONTRACTOR PROFILES 
2.1 Organization characteristics 
How do you rate the importance of the following subcontractor organization’s 
characteristics? 
2.1.1 image (e.g. company with good reputation)  1 2 3 4 5  
2.1.2 company age (e.g. an adequate number of years practicing 
in the building refurbishment works) 
1 2 3 4 5  
2.1.3 responsiveness (e.g. ability to respond quickly to the 
requests and instructions of the main contractor)  
1 2 3 4 5  
2.2 Personnel qualifications 
How do you rate the importance of the following subcontractor personnel 
qualifications? 
2.2.1 related degrees or certificates 1 2 3 4 5  
2.2.2 relevant experience in building construction 1 2 3 4 5  
2.2.3 technical abilities (e.g. ability to interpret and use contract 
documents) 
1 2 3 4 5  
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Please circle a number on the scale that you think the factors have an 




















































2.3 Financial performance 
How do you rate the importance of the following aspects for financial performance for 
subcontractor? 
2.3.1 bank references 1 2 3 4 5  
2.3.2 profitability over the past two years  1 2 3 4 5  
2.3.3 enough workforce (e.g. currently not working for other main 
contractors) 
1 2 3 4 5  
2.4 Relevant experience  
How do you rate the importance of the following relevant experience for 
subcontractor? 
2.4.1 similar type of projects to the proposed work 1 2 3 4 5  
2.4.2 similar size ($) of projects to the proposed work  1 2 3 4 5  
2.5 Past performance (the last 3 years) 
How do you rate the importance of the following aspects of past performance for 
subcontractor? 
2.5.1 number of references 1 2 3 4 5  
2.5.2 always completing past contracts  1 2 3 4 5  
2.5.3 completing past contracts on time 1 2 3 4 5  
2.5.4 completing past contracts on original budget  1 2 3 4 5  
2.5.5 never engaged in illegal and fraudulent activities before  1 2 3 4 5  
2.5.6 no fatal accident on any site under its control in the last 3 
years 
1 2 3 4 5  
2.5.7 showing close cooperation and coordination with the main 
contractor in past projects. 
1 2 3 4 5  
2.5.8 showing good knowledge of design and regulations which 
are relevant to the building refurbishment work 
1 2 3 4 5  
2.5.9 producing good quality in past works 1 2 3 4 5  
2.5.10 employing high quality workmanship in past projects  1 2 3 4 5  
2.5.11 employing highly skilled of operators in past projects 1 2 3 4 5  
2.5.12 showing stable financial performance in past projects 1 2 3 4 5  
2.5.13 showing integrity/honesty in the past projects  1 2 3 4 5  
 258
Please circle a number on the scale that you think the factors have an 




















































3. SPECIAL CONSIDERATIONS 
3.1 Qualitative aspects  
How do you rate the importance of the following qualitative aspects? 
3.1.1 subcontractor has similar culture with the main contractor 1 2 3 4 5  
3.1.2 subcontractor has relationships with the main contractor 1 2 3 4 5  
3.1.3 subcontractor can be trusted (e.g. submitting reliable 
information)  
1 2 3 4 5  
3.1.4 subcontractor has ability in communication 1 2 3 4 5  
 
PART C: Please indicate below any other factors that need to be considered 
for the selection of subcontractors for building refurbishment works:  
 
Please specify and rate the level of importance: 
 1 2 3 4 5  
 1 2 3 4 5  
 1 2 3 4 5  
Other comments regarding the selection of subcontractors for building 
refurbishment projects (please specify): 
_______________________________________________________________
_______________________________________________________________ 
End of survey 
 






The user’s guide has been prepared to facilitate the use of the program operation.  There are 
four options that may be selected while the main menu is in view, namely: Consultation; 
KBES Development; Windows; and Help. Please follow the instructions below to operate the 
SSDSS program.  
 
I.     Login Module Figure 
 
Login is an access bordered page. User has to insert the user name and password so as 
to be able to continue to the next page. User on SSDSS application is diverged into 2 
(two), namely administrator and operator. 
 
1. Administrator 
Administrator has unlimited access, not only can it open the consultation menu, but it 
can also develop or edit the KBES development module. If Login user uses this type, 
the user will be able to utilize KBES Development and Consultation Module 
Facilities. 
2. Operator 
Operator has limited access which can only open consultation menu; such as input 
the new project or edit the existing project. If login user uses this type, the user will 
merely be able to utilize Consultation Module Facilities.  
 
Steps: 




Picture I.1. Figure of SSDSS Opening 
 
b. Afterwards a figure will come up as the picture below, then insert the invented 
user name and password 
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 Insert User 
Name & 
Password 
Picture I.2. Figure of Login 
 
As default in the program, Operator has user name “OPR” and password “1234” and 
Administrator has user name “SPV” and password “1234”.      
 
II.   KBES Development Module 
KBES Development Module consists of menus and sub menus: 
1. Setting Parameters 
a. Factor, Criteria, Attribute and Question 
b. Rules Base Reasoning 
c. Scoring Rules 
2. Setting Project 
a. Edit Project 
b. Create New Project 











Click on mark (+) to expand tree
Picture II.2. Figure of Setting Factors, Criteria Attributes and Question 
 
 
II. 1.  Add, Edit and Delete Factor 
 
Steps: 
a. Direct pointer to KBES Development Menu, select Setting Parameter. Click on 
Factors, Criteria, Attributes, and Questions. 
 
 
Picture II.3. Figure of Setting Parameters of Factors, Criteria, Attributes and Questions 
 
b. Direct pointer to Factor Group (Black colored text and bold type), click on right 
side, select Add, and select Factor. 
c. In dialogue confirmation box, insert Factor title and click on Ok.  
 
 




d. Accordingly, if you want to change the invented Factor title, do steps a, b then 
select Edit and continue to Ok. 
e. Erase Factor by the means of step d, and then select Delete. 
 
 
II. 2.  Add, Edit and Delete Criteria 
 
Steps: 
a. Direct pointer to KBES Development Menu, select Setting Parameter. Click on 
Factor, Criteria, Attribute and Question. 
b. Direct pointer to Factor Group (Red colored text and bold type), click right 
select Add, and select Criteria. 
c. In dialogue confirmation box, insert Criteria title then click on Ok. 
 
 
Picture II.5. Figure of Criteria Increasing 
 
d. Accordingly, if you want to change the invented Criteria title, do steps a, b then 
select Edit and continue to Ok. 
e. Erase Criteria by means of step d, and then select Delete. 
 
 
II. 3.  Add, Edit and Delete Attributes 
 
Steps: 
a. Direct pointer to KBES Development Menu, select Setting Parameter. Click on 
Factors, Criteria, Attributes and Questions. 
b. Direct pointer to Question Group (Blue colored text and bold type), click right 
select Add, and select Attributes. 




Picture II.6. Figure of Attribute Increasing 
 
 
d. Accordingly, if you want to change the insert Attribute title, do steps a, b then 
select Edit and continue to Ok. 
e. Erase Attribute by the means of step d, and then select Delete. 
 
 
II. 4.  Add, Edit and Delete Questions 
 
Steps: 
a. Direct pointer to KBES Development Menu, select Setting Parameter. Click on 
Factors, Criteria, Attributes and Questions. 
b. Direct pointer to Question Group (Black colored text and bold type), click right 
select Add, and select Attributes. 
c. Accordingly, if you want to change the inserted Question title, do steps a, b 
then select Edit and continue to Ok. 
 
 
Picture II.7. Figure of Criteria Increasing 
 
d. Accordingly, if you want to change the insert Question title, do steps a, b then 
select Edit and continue to Ok. 
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II. 5.  Setting Parameter: Rule Based Reasoning 
 
Steps: 
a. Direct pointer to KBES Development Menu, select Setting Parameter. Click on 
Rule-based reasoning, Criteria, Attribute and Question. 
 
 
Picture II.8. Figure of Opening of the Rule Based Reasoning Setting Picture. 
 
b. Next, a figure will appear like the picture below. 
 
 
Picture II.9. Figure of Rule Based Reasoning Setting 
 
c. Select desired question and select Rules Input Control: 
 
 
Picture II.10 Figure of Drop Dawn input Control Menus 
 
d.  Erase Question by the means of step d, and then select Question types: 
 
 
Pictures II.11. Figure of Drop down Question type Menu 
 





Picture II.12 Figure of Item list input of Combo Box 
 
f. Click on safe button when finished and clear when finished; clear it also when 




II. 6.  Setting Parameter: Scoring Rules 
 
Steps: 




Picture II.12 Figure of Setting Parameters for Rule Scoring 
 
b. Next, a figure will appear like the picture below. 
 
 
Picture II.13. Figure of Scoring Type setting. 
 
c. Select desired Questions and select Scoring’s type : 
 
 
Picture II.14 Figure of Drop down Scoring Type menu 
 








II. 7.  Setting Project: Input Weighting Criteria 
 
Steps: 




Picture II.15. Figure of Setting Project: Input Weighting Criteria. 
 
b.   A figure will come up, and click on create new button. 
 
 
Picture II.16. Figure of Create New Input Weighting Criteria 
Click 
 
c. Insert Code Weighting then click on save button. 
 
 
Picture II.17. Figure of Save Input Weighting Criteria 
 
d. Select Weighting invented on the list of Weighting. Then click once on Input 
Column – Attribute Line/Row and click desired value. 
 
 
Click once & 
Insert Value 




II. 8.  Setting Project: Create New Project 
 
Steps: 




Picture II.19.  Figure of Setting Project: Create New Project 
 
b.   A figure will came up. Click on drop down Apply weighting Menu and select pre 





Setting General Information Tab
Question 
Picture II.20.  Figure of Setting Apply Weighting 
 
c. On setting General Information Tab, put a mark on checkbox. 
d. Move to input Project information, then select desired question from list of item 
by putting a click mark on Checkbox 
 
 
Put a mark on 
Button to delete 
selected 
Question 









e. After a check mark is put on the Checkbox, the feature like the picture below 
will came up; insert the desired value. The selected Question will move to 
selected item. To cancel that choice push Release item button/Tab. 
 
 
Picture II.22.  Figure of Input Parameter Question 
 










g. Click on Setting Attributes Tab for Past Performance and put a check mark in 
the check box or the selected Question list. 
 
 
Picture II.24.  Figure of Question Choice 
 




II. 9.  Setting Project: Edit Project 
 
Steps: 




Picture II.25.  Figure of Setting Project: Edit Project 
 




Picture II.26.  Figure of Edit Project 
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c. The result will appear as follows: 
 
 
Picture II.27.  Figure of Edit Question 
 
d. Edit unnecessary questions by putting a check mark in the checkbox. Then click 
a Release item button. 
e. On subcontractor’s data score the item. Past performance Tab, erase check 
box. 




III. Consultation Module 
 
Consultation Module consists of menu and sub menu: 
1.  Input 
a. Subcontractor’s Profiles 
b. Scoring Attributes 
c. Scoring Past Performance 
2.  Output 
a. Get advice 
3.  Exit 
 
 
III. 1. Input: Subcontractor’s Profiles 
 
Steps: 




Picture III.1.  Figure of Input: Subcontractor’s Profiles 
 




Picture III.2.  Figure of Input Project Code 
 
c. Click on Drop Down Project Code Menu and select desired project so that 
feature will change to : 
 
 
Picture III.3.  Figure of Create New Subcontractor’s Code Name 
 
d. Click on new Subcontractor’s Code name and type code number to start 
inserting Subcontractor Code Number. 
 
 
Picture III.4.  Figure of Create New Subcontractor’s Code Name 
 
e. In the input Description Column, click right side and click Edit Item to insist 
that the information matches the question.   






III. 2. Input: Scoring Attributes 
 
Step: 
a. Direct pointer to consultation menu, select input, click on Scoring Attributes. 
 
 
Picture III.5.  Figure of Input: Setting Attribute 
 
b. As a result, a figure like the picture below will come up. 
 
 
Picture III.6.  Figure of Scoring Subcontractor’s 
 
c. Click on Drop down Project Code Menu and select desired project on 
Subcontractor’s Code. Select Subcontractor’s Code Number which has been 
made so that the feature will change to: 
 
 






d. Start responding to questions by clicking on right side of input column and click 
on Edit Item. 
 
 
Picture III.8.  Figure of Question Responding. 
 





III. 3. Input: Scoring Past Performance 
 
Steps: 




Picture III.9.  Figure of Input: Scoring Past Performance 
 






Picture III.10.  Figure of Input Past Performance 
 
c. Click on Drop down Project Code and Subcontractor Menu then select the 
desired project and Subcontractor.   
d. Click on now Referee button to insert Referee Code and Name. 
e. Start answering questions in Input column like the steps on Scoring Attributes. 





III. 4. Output: Get Advice 
 
 Steps: 
a. Direct pointer to Consultation menu, select Output and click on Get Advice. 
 
 
Picture III.11.  Figure of Output: Get Advise 
 




Picture III.12.  Figure of Project Selecting 
 
c. Click 2 times on Project Code to show Project Result. 
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d. Click on Bar – Chart to figure Project Result in the form Bar-Chart. 
 
 
Picture III.14.  Figure of Bar–Chart result. 
 
 





















IV. Help Module 
 
Help Module consists of sub menus: 
1.  Show SSDSS Assistance 
2.  Show Flowchart 
a. Animation 
b. Static 
3.  Setting User Menu 
4.  Re-login 




IV. 1. Show SSDSS Assistance 
 
Steps: 
a. Direct pointer to Help menu and click on Show SSDSS Assistance. 
 
 
Picture IV.1.  Figure of Sub Menu of Show SSDSS Assistance 
 











IV. 2. Show Flowchart  
 
Steps: 




Picture IV.3.  Figure of Sub Menu of Show Flowchart: Animation 
 




Picture IV.4.  Figure of Flowchart: Animation 
 




Picture IV.5.  Figure of Sub Menu of Show Flowchart: Static 
 
 
d. As a result, a figure will appear like the picture below. 
 
 





IV. 3. Setting User Menu  
 
Steps: 
a. Direct pointer to Help menu and click Setting User Menu. 
 
Picture IV.7.  Figure of Sub Menu of Setting User Menu 
 
b. As a result, a figure will appear like the picture below: 
 
 
Picture IV.8.  Figure of Authentication Sub Menu 
 
c. If wishing to add a new user, type desired user (e.g. “admin”) on User Name 
and click on Add New button. 
 
 
IV. 4. Re-login  
 
Steps: 
a. Direct pointer to Help menu and click Re-login. 
 
 
Picture IV.11.  Figure of Re-login Sub Menu 
 









Evaluation Form for Subcontractor Selection 
Name of subcontractor  :_____________________________ 
Contact of subcontractor  :_____________________________ 
Address and contact number :_____________________________ 
Contact Person   :_____________________________ 
Code number :______  
_________________________________________________  
Code number :______ 
Rating scale uses a 5-point Likert scale (1 = Poor, 2 = Average, 3 = Good, 4 = Very good, and 
5 = Excellent)  
1. Project Specifications 
1.1 Price specifications  
1.1.1 How much is the quotation price?  $…………………….. 
1.1.2 Does the subcontractor offer a discount price rate? Yes No  
1.1.3 Is the price rate in price analysis consistent?  Yes No 
1.1.4 Does the subcontractor propose terms of payment? Yes No  
1.1.5 Does the subcontractor request advance contract deposit? Yes No  
1.1.6 Is the payment based on work progress? (Pay when paid) Yes No  
1.1.7 Is the cost paid after work is completed? Yes No  
1.2. Technical Proposal 
1.2.1 How long is the duration of work until completed?  ………….. days 
1.2.2 Is the duration of work proposed comparable to the main 
contractor program? 
Yes No  
1.2.3 Is the duration of work proposed shorter than the main 
contractor program? 
Yes No  
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1.2.4 Does the subcontractor submit an appropriate time schedule 
in accordance with the main contractor program? 
Yes No  
1.2.5 Does the subcontractor offer appropriate schedule 
maintenance in accordance with the specification and 
conditions of the main contract? 
Yes No  
1.2.6 Does the subcontractor submit appropriate shop drawings in 
accordance with the specification and drawing of the main 
contract? 
Yes No  
1.2.7 Does the subcontractor submit appropriate construction 
methods in accordance with the main contractor plan?  
Yes No  
1.2.8 Does the subcontractor offer appropriate materials in 
accordance with the specification and conditions of the main 
contract?  
Yes No  
1.2.9 Does the subcontractor offer appropriate equipment in 
accordance with the specification and conditions of the main 
contract? 
Yes No  
1.2.10 Does the subcontractor provide project quality plan? Yes No  
1.2.11 Does the subcontractor offer health, safety, and 
housekeeping programs? 
Yes No  
2. Subcontractor’s Profiles 
2.1 Organization Characteristics 
2.1.1 Did the subcontractor join the subcontractor organization? Yes No  
            a. SLOTS Yes No  
            b. Refurbishment Association Yes No  
            c. Other performance certificates from recognized  
        institution (e.g. BCA, HDB, SCAL, MOM) 
Yes No  
2.1.2 How long has the subcontractor's firm been trading under 
the same company name within the construction sector? 
………months/years 
2.1.3 Is the subcontractor easy to contact? (e.g. when the 
subcontractor is called, no answering machine in receiving 
incoming call)  
Yes No  
2.1.4 Is the subcontractor quick to respond when receiving 




2.2 Personnel Qualification  
2.2.1 What percentage (%) of the subcontractor's key personnel 
have good technical ability?  
……… % 
2.2.2 Has the key personnel of the subcontractor experienced 
working in building refurbishment work before? 
Yes No  
2.2.3 How many projects have been completed? ……. units 
2.2.4 Does the key personnel of the subcontractor have technical 
ability to interpret and use contract documents?   
Yes No  
2.3 Financial Stability 
2.3.1 How long has the subcontractor’s firm been with the same 
bank?   
……… months/years 
2.3.2 What was the rating given by the bank referee regarding 
the company’s financial performance?  
1 2 3 4 5 
2.3.3 Has the subcontractor's firm shown profitability over the last 
2 years?   
Yes No  
        a. Return on sales Yes No  
        b. Return on assets Yes No  
2.3.4 Is the subcontractor currently working for other main 
contractors?   
Yes No  
2.3.5 Is the subcontractor currently working for other two or more 
main contractors?   
Yes No  
2.4 Relevant Experience  
2.4.1 Did the subcontractor provide details of subcontracting jobs 
completed within the past 5 years? 
Yes No  
2.4.2 How many refurbishment works have been completed? ……… units 
2.4.3 How many new building works have been completed? ……… units 
2.4.4 Did the subcontractor experience a similar size ($) project 
to the proposed work within the past 5 years? (More or less 
20%) 
Yes No  
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2.4.5 Is the proposed work of a size ($) most often undertaken by 
the subcontractor company? 
Yes No  
2.5 References on Past Performance (refer to other form)  
2.5.1 How many references does the subcontractor have?  ……….. referees 
3. Special Considerations 
3.1 Qualitative Aspects 
3.1.1 What rating would you give to the similarity of the culture of your 
company with the subcontractor? 
1 2 3 4 5  
3.1.2 What rating would you give to the subcontractor regarding the 
relationship of your company with the subcontractor? 
1 2 3 4 5  
3.1.3 What rating would you give to the subcontractor regarding 
the relationship of your site staff with the subcontractor's 
site personnel? 
 1 2 3 4 5 
3.1.4 What rating would you give to the subcontractor regarding 
his trustfulness?  
1 2 3 4 5 
3.1.5 What rating would you give to the subcontractor regarding 
his ability in communication? 




Evaluation Form for Past Performance of Subcontractors  
(by a main contractor who employed the subcontractor before) 
Subcontractor name :_______________________ 
Subcontractor address : _______________________ 
Referee   : _______________________ 
 
Rating scale uses a 5-point Likert scale (1 = Poor, 2 = Average, 3 = Good, 4 = Very good, and 
5 = Excellent)  
Past Performance of the Subcontractor 
1. Did the subcontractor complete the entire contract before?  Yes No  
     a. Did the failure have a good reason? Not because of 
frustration arising out of complex jobs. 
Yes No  
2. Did the subcontractor complete the past contract by the 
completion date? 
Yes No  
    a. Entirely due to the subcontractor's fault Yes No  
    b. Only partly due to the subcontractor's fault Yes No  
3. Did the subcontractor complete the past contract by the 
original budget? 
Yes No  
4. Has the subcontractor never been engaged in illegal and 
fraudulent activities before?  
Yes No  
5. What rating may you give the subcontractor regarding his 
health-safety and housekeeping program?   
1 2 3 4 5 
6. What rating may you give the subcontractor regarding the 
ability of key personnel in cooperation and coordination?   
1 2 3 4 5 
7. What rating may you give the subcontractor regarding the 
knowledge of design and regulations that are relevant to the 
building refurbishment works? 
 1 2 3 4 5 
8. What rating may you give the subcontractor regarding the 
quality of finished previous work?  
1 2 3 4 5 
9. What rating may you give the subcontractor regarding the 
quality of workmanship? (In general)  
1 2 3 4 5 
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10. What rating may you give to the subcontractor regarding the 
skills of operator using equipments?  
1 2 3 4 5 
11. What rating may you give the subcontractor regarding the 
financial stability of the subcontractor?  
1 2 3 4 5 
12. What rating may you give the subcontractor regarding 
trustworthy subcontractor and his integrity?  






Structured Questionnaire for Validation of the SSDSS 
 
The following questions are used to measure the constructs knowledge 
comprehensiveness, knowledge accuracy, reasoning and benefits of the 
SSDSS. Measures for the construct knowledge use a 5-point Likert scale 
(1=strongly disagree, 2=disagree, 3=undecided, 4=agree, and 5=strongly 
agree). 
Evaluator’s name: _____________________________ 
Please evaluate the constructs of the SSSDSS by circling a number on 
the scale (each line should have one circle) 
1. Measures for Performance Validation  











































How do you rate the knowledge comprehensiveness of the SSDSS? 
1.1.1 The SSDSS contains all relevant factors for selecting 
subcontractors  
1 2 3 4 5  
1.1.2 The SSDSS contains all relevant criteria for selecting 
subcontractors 
1 2 3 4 5  
1.1.3 The SSDSS contains all relevant attributes for selecting 
subcontractors 
1 2 3 4 5  
1.1.4 The SSDSS has a comprehensiveness set of evaluation rules 
to select subcontractor 
1 2 3 4 5  
1.2. Construct: Knowledge Accuracy  
How do you rate the knowledge accuracy of the SSDSS? 
1.2.1 All the parameters are accurately presented in the SSDSS  1 2 3 4 5  
1.2.2 All the evaluation factors are accurately represented in the 
SSDSS 
1 2 3 4 5  
1.2.3 The SSDSS’s rule base is an accurate representation of the 
evaluation rules for selection of subcontractors 
1 2 3 4 5  
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1.3 Construct: Reasoning Validity 
How do you rate the reasoning validity of the SSDSS? 
1.3.1 The reasoning process of the SSDSS closely resembles that 
of a domain expert 
1 2 3 4 5  
1.3.2 The SSDSS considers all the relevant rules in arriving at a 
decision 
1 2 3 4 5  
1.3.3 The SSDSS utilizes the inference rules in the right sequence 
for the evaluation process  
1 2 3 4 5  
2. Measures for System Utility Assessment 
2.1 Construct: Utility in Selecting Subcontractors 
How do you rate the utility of the SSDSS? 
2.1.1 The SSDSSS offers a structured, well-organized approach to 
select potential subcontractors 
1 2 3 4 5  
2.1.2 The user interface of the SSDSS is user friendly  1 2 3 4 5 
2.2 Construct: System Benefits 
How do you rate the benefits of the system? 
2.2.1 The SSDSS can preserve the expertise of professional staff 
who leave our organization 
1 2 3 4 5  
2.2.2 The SSDSS can be used as a training tool for novices and 
management trainees within our organization 
1 2 3 4 5  
2.2.3 The SSDSS’s ability to store and retrieve information in 
separate data base is useful 
1 2 3 4 5  
2.2.4 The SSDSS’s ability to modify criteria weights and values 
and examine effect on decision is useful  













End of survey 
 
Thank you very much for your cooperation. 
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